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SUMMARY 
 
The main objectives of this study can be divided into four categories:  
a) The determination of the presence of abscesses in carcasses. 
b) The determination whether the abscesses are area bound.   
c) The determination of the causative bacteria which is responsible for abscess 
formation.  
d) The determination of the economic impact due to carcass rejections and trimmings.  
 
The research area consists of the biggest part of the Northern Cape province, which can 
further be divided into three main production areas, namely Groblershoop, Gordonia and 
Hantam. The Groblershoop area includes Groblershoop and the surrounding districts. 
The Gordonia area includes Upington and the Kalahari. The Hantam area includes 
Calvinia, Springbok and the other districts bordering the areas. 
 
All the carcasses were slaughtered at an export abattoir, namely LAW, which is situated 
in Groblershoop. The Upington veterinary laboratory bacteriologically cultured the 
abscess material and the results were processed and noted. 
 
The following results were prominent: 
a) It was determined that abscesses did occur in carcasses.  
b) It was determined that in the Hantam main production area the prevalence of 
abscesses is the highest, although the slaughter numbers are the lowest. 
c) It was determined that the bacterium that was responsible for most of the abscesses 
was Escherichia coli.  
d) It was determined that the total occurrence of bacteria did not have a significant 
economic impact, because there were not many carcass rejections due to 
abscesses. The economic impact, however, of the value of the total rejections, might 
become a problem. 
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OPSOMMING 
 
Die doel van hierdie studie kan in vier katagorieë ingedeel word: 
a) Om die voorkoms van absesse in karkasse te bepaal.  
b) Om vas te stel of die voorkoms van absesse area gebonde is. 
c) Om vas te stel watter bakterieë verantwoordelik is vir die vorming van absesse. 
d) Om te bepaal hoe groot die ekonomiese impak is as gevolg van die afkeurings.  
 
Die ondersoekgebied strek oor die grootste deel van die Noord-Kaap provinsie en kan 
in drie hoof produksie-areas ingedeel word, Groblershoop, Gordonia en Hantam. Die 
Groblershoop area sluit Groblershoop en omliggende distrikte in. Die Gordonia area sluit 
Upington en die Kalahari in. Die Hantam area sluit Calvinia, Springbok en die ander 
aangrensende distrikte in. 
 
Al die karkasse is by 'n uitvoer abattoir, LAW, geslag. LAW is geleë in Groblershoop. Die 
abses materiaal is bakteriologies deur die Upington veterinêre laboratorium gekweek en 
die resultate is verwerk en genoteer. 
 
Die volgende resultate was baie prominent: 
a) Daar was vasgestel dat absesse wel in karkasse voorkom. 
b) Daar was in die Hantam hoof produksie area die grootste voorkoms van absesse, 
alhoewel die slaggetalle die laagste was. 
c) Die bakterium wat die meeste voorgekom het in die absesse was Escherichia coli.  
d) Die totale voorkoms van bakterieë het nie ‘n groot ekonomiese impak op die 
Noord-Kaap gehad nie, aangesien daar nie baie karkas afkeurings as gevolg van 
absesse was nie. Die ekonomiese impak van die waarde van die totale afkeurings, 
kan egter problematies raak. 
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CHAPTER 1 
 
1. INTRODUCTION 
 
1.1 BACKGROUND 
 
Abscesses in animals can cause major carcass rejections at abattoirs, resulting in 
financial and economic losses, through trimming and condemnation of carcasses, 
values of hides and body weights (Herenda, 1994, p. 269; Aldridge, 1995). This 
has a negative effect on the economy as well as the farmer. The most common 
abscess causing bacteria are Staphylococcus spp., Streptococcus spp., 
Pseudomonas aeruginosa, members of the Escherichia coli group, 
Arcanobacterium pyogenes and Corynebacterium pseudotuberculosis, which 
causes caseous lymphadenitis (Gracey, 1981, p. 232; Carter, 1984, p. 31; Collett 
and Bath, 1994, p. 1412).  
 
The occurrence of abscesses has an effect on the number of carcass rejections 
and off-cuts. This emphasizes the significance of the study and how big problem 
abscesses in the meat industry are. This has a negative effect on farming and 
therefore alternative farming practices should be developed. This emphasizes the 
importance of the research on small stock. Small stock infections are mainly 
caused by the fact that livestock is frequently handled. 
 
This was the main reason to conduct a study on the prevalence of abscesses in 
small stock carcasses, slaughtered at abattoirs in the Northern Cape province. 
The study focused on the three major abscess-causing bacteria, namely, 
Corynebacterium pseudotuberculosis, Arcanobacterium pyogenes and 
Escherichia coli. The economic implications were also determined. 
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1.2 LITERATURE REVIEW  
 
Corynebacterium pseudotuberculosis, previously known as Corynebacterium 
ovis (Gaskin, 1992, p. G-14; Quinn, Carter, Markey and Carter, 1999, p. 138), is 
highly contagious and can even cause the death of an animal. Corynebacterium 
pseudotuberculosis, is also known as caseous lymphadenitis (CLA), or cheesy 
gland (Paton, 2001, p. 21), and has major economical implications on sheep and 
goat farmers. At abattoirs the infected and the surrounding areas are condemned 
resulting in financial losses. It appears to be common in the drier parts of South 
Africa, such as the Karoo, Eastern Cape Province and the province of the Free 
State (Collett, Bath and Cameron, 1994, p. 1387). These statistics, however, were 
only used for wool sheep and thus certain areas of the Kalahari need to be 
investigated. Even though the main farming is with meat producing sheep and 
goats, the animals are subjected to various vaccination programs. This is due to 
Sheep scab outbreaks that are a huge problem in these areas. From clinical 
records and abattoir statements, abscesses are a huge problem in the Northern 
Cape province. Therefore this study is essential, because there has never been 
such a study in these areas, concentrating on meat production. 
 
E. coli infections occur worldwide and can be of major economic significance. 
Occasionally pyogenic infections are caused in a variety of tissues (Henton and 
Hunter, 1994, p. 1085). 
 
After a study stretching over a period of eight years, Henton (1999, p. 38-39), 
concluded that A. pyogenes abscesses as well as pneumonic infections in sheep 
and goats, are twice as common as C. pseudotuberculosis. In total up to 45.5% 
of aerobic bacterial infections can be caused by A. pyogenes. 
 
 
According to the meat inspector at the LAW export abattoir, Groblershoop, the 
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occurrence of abscesses are not season bound, but rather depends on rainfall, 
disease outbreaks and age. During the raining season, the animals are 
vaccinated and inoculated, causing these abscesses. Old ewes tend to be more 
susceptible than younger animals.   
  
The following factors can have an effect on the occurrence of abscesses 
(Siegmund, 1961, p. 448; Gracey, 1981, p. 262; Collett, et al., 1994, p. 1388; 
Herenda, 1994, p. 269; Aldridge, 1995; Nasionale Departement Landbou, 2000, 
p. 2; Paton, 2001, p. 22): 
 
Ø Shearing wounds 
Ø Vaccination or treatments using contaminated needles 
Ø Wounds and injuries 
Ø Tail docking 
Ø Castration 
Ø Ear tagging 
Ø Crutching 
Ø Direct contact 
Ø Sheep dips 
Ø Arthropod vectors 
Ø Environment 
Ø Contaminated needles 
 
 
1.3 PROBLEM STATEMENT 
 
There are four main problems to be investigated:  
 
1.3.1 The presence of abscesses in small stock. 
 
1.3.2 Determining if the presence of these abscesses differs in areas. 
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1.3.3 Determining the causative bacteria of these abscesses. 
 
1.3.4 The economic loss farmers suffer, resulting from the presence of abscesses. 
 
 
1.4 AIMS 
 
1.4.1 To determine the presence of abscesses, resulting in the downgrading and 
 condemnation of carcasses at abattoirs. 
 
1.4.2 To determine if these abscesses are area bound. 
 
1.4.3 To identify the causative bacteria present in these abscesses. 
 
1.4.4 To determine the economic impact on the producer. 
 
 
1.5 HYPOTHESIS 
 
1.5.1 The presence of abscesses in carcasses can lead to carcass downgrading and 
condemnations, especially if there is a major incidence. 
 
1.5.2 The occurrence of abscesses may be area bound, depending on rainfall and 
disease outbreaks. 
 
1.5.3 The ignorance of farmers regarding the causes of bacterial infections resulting in 
abscesses.  
 
1.5.4 There may be economic losses endured because of these abscesses. 
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CHAPTER 2 
 
2. LITERATURE STUDY AND DEFINITION OF CONCEPTS 
 
2.1 CORYNEBACTERIUM PSEUDOTUBERCULOSIS 
 
Corynebacterium pseudotuberculosis causes chronic infections and symptoms 
and lesions may only be observed several weeks or months after the original 
infection (Siegmund, 1961, p. 447). The causative organism was formerly known 
as the Preisz-Nocard bacillus (Cruickshank, 1968, p. 189; Buchanan and 
Gibbons, 1975, p. 604). 
 
The most commonly known bacteria that causes abscess in sheep are 
Corynebacterium pseudotuberculosis and Arcanobacterium pyogenes (formerly 
Actinomyces pyogenes) (Quinn, et al., 1999, p. 137). Corynebacterium 
pseudotuberculosis is commonly found in pus-contaminated soils or shearing 
sheds when shearers accidentally cut the sheep while fleecing causing wounds, 
which become infected. Wounds may also become infected whilst tail docking, 
castrating, or ear tagging and via contaminated dips (Herenda, 1994, p. 269). 
Contaminated soil, dust or pus may come into contact with the wound and the 
bacteria enter the wound causing an abscess. Bacteria from the site are 
transported to the nearest lymph nodes, the regional lymph nodes and cause 
abscessation, hence the name caseous lymphadenitis (CLA). Should the bacteria 
escape from the lymph nodes they can be transported to several parts of the body, 
such as the liver and lung, where they can cause abscesses.  
 
The bacteria can also penetrate the body by means of an injection or vaccination 
if the needle isn’t sterilized properly (Gracey and Collins, 1992, p. 332). 
Transmission from animal to animal by coughing or contaminated material may 
also occur (Collett, et al., 1994, p. 1390; TVSP, 2003).  
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The disease is manifested in two forms, namely external abscesses in superficial 
lymph nodes and internal abscesses. Both forms can occur simultaneously (TVSP, 
2003). 
 
Corynebacterium pseudotuberculosis can also cause orchitis in rams (Gracey 
and Collins, 1992 p. 475), pneumonia in sheep if the bacteria migrate to the lungs 
(Herenda, 1994 p. 269) and bacterial icterus, a disease of the liver caused by the 
haemolysin it produces. Age can also play a role in the degree of infection, due to 
the fact that older animals' morbidity levels increase with age, meaning the chance 
of getting infected is greater with the passage of time (Collett, et al., 1994, p. 
1388). Slaughtered animals provide an optimum sampling group, because they 
tend to be older.  
 
Some sheep breeds seem more susceptible than others do. Clinical expression 
of the disease recognized, in abattoirs, as external lumps, is mainly observed in 
adult animals. A study in the western United States found that the average 
prevalence in adult ewes from five geographic regions to be 42.4% (Collett, et al., 
1994, p. 1387). During 1990 and 1991 CLA was the most important reason for 
carcass condemnation in sheep at South African abattoirs (Collett, et al., 1994, p. 
1387). These losses were caused by condemnation and downgrading of 
carcasses and skin in abattoirs. However, it is not necessary to condemn a quarter 
or a carcass because of a lesion in one lymph node (Herenda, 1994, p. 270). The 
entire carcass is condemned if severe levels of CLA are detected in the carcass 
(Herenda, 1994, p. 269; Nasionale Departement van Landbou, 2000, p. 2; Paton, 
2001, p. 26). When CLA is detected the carcass is trimmed and usually 
downgraded. Added to this, are the unknown costs of abattoir line interruptions 
when CLA affected carcasses fill the trimming rail. Meat inspectors on mutton 
chains spend 60% to 70% of their time detecting and trimming CLA. The 
economic effects will thus depend on the production system in which CLA is 
occurring (Paton, 2001, p. 21-26). 
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C. pseudotuberculosis causes caseous lymphadenitis in sheep and goats 
(Buchanan and Gibbons, 1975, p. 604; Gracey, 1981, p. 262; Carter, 1984, p. 
202; Gaskin, 1992, p. G-14; Aldridge, 1995; Quinn, et al., 1999, p. 137; 
Vtpb-www.cvm.tamu.edu, 2003).  The superficial form causes abscessation and 
the rupture of one or more superficial lymph nodes. The internal form causes 
characteristic abscesses in lymph nodes and sometimes even organs such as the 
lungs. These caseous lesions can resemble those of tuberculosis. The internal 
form is usually sub-clinical and the lesions are not discovered until the animal is 
slaughtered. The clinical signs in the superficial form characterize encapsulated 
abscesses, which contain greenish pus, which consistency is like toothpaste or 
putty (Gracey, 1981, p. 262; Gaskin, 1992, p. G-14; Quinn, et al., 1999, p. 137; 
Nasionale Departement Landbou, 2000, p. 2, 9). The pus contains millions of 
organisms which are discharged into the environment (Aldridge, 1995). 
Confirmation, however, requires bacterial culture and identification. Specimens of 
abscesses should be collected as aseptically as possible and from the edge of the 
abscess, not from the centre (Collett, et al., 1994, p. 1390). Corynebacterium 
pseudotuberculosis may also cause lung abscesses and osteomyelitis, which is 
only discovered after death (Quinn, et al., 1999, p. 137). 
 
The prevalence of C. pseudotuberculosis in adult animals can be very high and 
figures of 50-80% have been quoted in some countries, especially in areas where 
intensive husbandry is practiced. Infection starts when the organisms enter the skin 
due to various factors, multiply and phagocytose. The abscesses can be the result 
of two major virulence factors:   
 
a) The cell wall surface lipid, which occurs as an external floccular layer to cell 
wall, allows the organism to resist digestion by cellular enzymes, whilst the 
lipid, which is cytotoxic, induces caseation. This gives the organism 
pathogenic potential and results in abscess formation.  
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b) The production of a heat labile, phospholipase exotoxin. Phospholipids 
 play an important role in mammalian cells because this enzyme has 
 significant potential bioactivity. The production of phospholipids has 
 profound effects on the survival and multiplication of the organism. The 
 exotoxin acts on the local blood vessels and lymphatics which results in 
 a leakage of plasma. In turn it increases the extra vascular circulation of 
 fluid and spreads the infection locally and to the lymph nodes through  the  
lymphatics. The size of the lesions varies and depends on the initial 
 number of organisms, the rate of multiplication and the accessibility of 
 lesions to host cells (Aldridge, 1995). 
 
CLA is often referred to as a hidden disease that becomes apparent at slaughter, 
because there are usually no outward clinical signs visible. (Aldridge, 1995). 
Another reference name for the disease is "boils" (TVSP, 2003). Infections in man 
have been recorded in farm workers and veterinarians who were exposed to 
infected animals.  
 
Sheep or horse blood agar is used to isolate C. pseudotuberculosis and grows 
facultatively anaerobic. MacConkey agar is used to detect any Gram negative 
contaminants, because C. pseudotuberculosis does not grow on it. Plates are 
incubated at 37° C for 24 to 48 hours (Carter, 1984, p. 203; Quinn, et al., 1999, p. 
39, 138). Colonies appear small, white and dry. A narrow zone of haemolysis, 
which might not appear until 48 to 72 hours’ incubation, may surround them.  After 
a few days’ incubation, the colonies appear dry, crumbly and cream in colour and 
can reach a diameter of 3mm (Buchanan and Gibbons, 1975, p. 604; Carter, 
1984, p. 203-205; Collett, et al., 1994, p. 1387; Quinn, et al., 1999, p. 139). The 
colonies look granular, opaque with a matt surface, do not attach to the media and 
can be moved around on the surface of the agar plate (Collett, et al., 1994, p. 
1387). 
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Corynebacterium pseudotuberculosis is a small, pleomorphic, non spore 
forming, Gram positive rod (Buchanan and Gibbons, 1975, p. 604; Carter, 1984, 
p. 202; Gaskin, 1992, p. G-14; Aldridge, 1995; Quinn, et al., 1999, p. 137,148; 
Universiteit van Pretoria, [s.a.], p. 18; Vtpb-www.cvm.tamu.edu, 2003). They have 
meta-chromatic granules (high-energy phosphate stores) and the rods appear 
short, irregular and ovoid, almost resembling a coccus (Quinn, et al., 1999, p. 137). 
They are often clumped together and are more numerous in early lesions. The 
filamentous forms may present a barred or beaded appearance when stained 
(Collett, et al., 1994, p. 1387). Corynebacterium pseudotuberculosis is a 
pyogenic bacterium, which causes a variety of suppurative conditions.  
 
Other characteristics include:  
a) The bacterium is not acid fast. 
b) Catalase positive (the colony bubbles if a drop of reagent, for example 
 ID colour catalase, is added). 
c) Oxidase negative (no colour changes on the oxidase stick) 
d) Fermentative and non motile (Buchanan and Gibbons, 1975, p. 604; 
 Carter, 1984, p. 202;, p. 18; Aldridge, 1995; Quinn, et al., 1999, p. 137; 
 Universiteit van Pretoria, [s.a.]). 
 
  
2.2 ESCHERICHIA COLI 
 
Escherichia coli, a bacillus, belongs to the Enterobacteriaceae family, which form 
part of the normal intestinal flora of mammals. It is usually a harmless resident of 
the gut, but some strains have the potential to cause serious problems (McMorran, 
et al., 2003; Wassenaar, 2003). It may be a primary or secondary agent (Carter, 
1984, p. 93), having both respiratory and fermentative types of metabolism. Some 
strains produce flagella (Henton and Hunter, 1994, p. 1085).  
Different strains of E. coli are typeable and this is performed according to the 
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characteristics of K (capsular), O (somatic) and H (flagellar) antigens. The 
classification of E. coli is based on the serotyping of these antigens, as well as 
biochemical tests. This is one of the most useful ways to identify pathogenic types, 
even if pathogenic strains often appear hemolytic (Henton and Hunter, 1994, p. 
1085; Quinn, et al., 1999, p. 223). 
 
Escherichia coli grow aerobically and facultatively anaerobically on simple nutrient 
agar such as blood and MacConkey agars (Buchanan and Gibbons, 1975, p. 293; 
Quinn, et al., 1999, p. 217). Colonies on blood agar may take on two forms. The 
one form appearing smooth with a low convex, moist with a shiny surface, grey with 
an entire edge and easily emulsifies in saline. The other form appears rough, dry, 
dull, and flattish, has an irregular outline and is not easily emulsified in saline. 
Mucoid colonies may occur in both forms.  
 
On MacConkey agar the colonies appear bright pink due to lactose fermentation 
(Buchanan and Gibbons, 1975, p. 293; Henton and Hunter, 1994, p. 1085; Quinn, 
et al., 1999, p. 209-210, 223).  
 
E. coli is a Gram negative, straight, medium sized rod. The rods are motile and 
non spore forming. Sugars are attacked fermentatively, with the production of acid 
and gas. However, inositol and adonitol are not fermented.  
 
Other characteristics include:  
a) The bacterium tests positive for catalase (colony bubbles if drop of 
 reagent is added). 
b) Lactose tests positive (bright pink colonies on MacConkey agar). 
c) Indole tests positive (red ring forms in the IND tube, when using API 20E 
reagent kit). 
d) Oxidase tests negative (no colour changes on the oxidase stick). 
e) Citrate tests negative (no colour changes in the CIT tube, when using API 
20E reagent kit). 
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f) KCN tests negative. Citrate cannot be used as sole carbon source and 
 therefore can E. coli be distinguished from Citrobacter spp. (Buchanan  
and Gibbons, 1975, p. 290, 293; Cowan, 1981, p. 108-111; Carter, 1984, 
p. 92; Henton and Hunter, 1994, p. 1085; Quinn, et al., 1999, p. 209-210, 
223; Universiteit van Pretoria, (s.a.), p. 26).  
 
 
2.3 ARCANOBACTERIUM PYOGENES 
 
Arcanobacterium pyogenes is a usual inhabitant on all the mucosal surfaces of 
the upper respiratory and genital tracts of domesticated animals, as well as the 
skin of healthy livestock (Jost, Billington and Songer, 1997, p. 135). It multiplies on 
moist mucosal surfaces and survives for extended periods on the skin, without any 
multiplication. Herds that are infected can cause serious economic losses. The 
bacterium is capable of surviving in the environment for at least a month. The 
environment itself and not necessarily an animal can infect other animals (Jost, et 
al., 1997, p. 135; Henton, 1999, p. 38).  
 
In moist debris at room temperature, A. pyogenes can survive for at least ten days 
(Collett and Bath, 1994, p. 1406). It is introduced to the body from external sources 
associated with trauma, for example:  
Ø Tick bites 
Ø Thorns 
Ø Barbed wire 
Ø Needles 
Ø Wound infections 
Ø Abscesses 
Ø Flies 
Ø Injuries 
Ø Poorly constructed crushes (NMC newsletter, 1999). 
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Arcanobacterium pyogenes causes a variety of suppurative and pyogenic 
conditions in livestock, as a primary pathogen, a secondary invader, or part of a 
mixed infection with obligate anaerobes. The organism is responsible for 
abscesses, hepatic abscesses, tissue abscesses, wound infections, pneumonia, 
arthritis, pleuritis, mastitis, foot infections, osteomyelitis, abortion, genital 
infections, endometritis and perinatal mortalities (Cruickshank, 1968, p. 190; 
Collett and Bath, 1994, p. 1410-1411; Jost, et al., 1997, p. 135; Quinn, et al., 1999, 
p. 146).  
 
Secondary infections of A. pyogenes may become apparent in lesions of 
diseases like lumpy skin disease and foot-and-mouth disease. Plant seeds can 
also penetrate the skin and the bacteria enter through the lesions. Damage to 
tissue following trauma, viral and bacterial infections, does usually establish 
infection, for example, as a result of docking and castration wounds. The 
prevalence of abscesses can be high - appearing in every organ or tissue in the 
body. The development of abscesses is usually rapid, containing pus with a fluid 
consistency and an odor. Their capsules, however, are not as well developed as 
the capsules caused by Corynebacterium pseudotuberculosis (Collett and Bath, 
1994, p. 1406-1409).  
 
The size, severity and location of the lesion play a role in the clinical signs of A. 
pyogenes infections occurring in animals, therefore a diagnosis should only be 
confirmed by isolation of the bacteria from specimens of affected organs and 
tissues. It is often necessary, when making a diagnosis of hypophyseal 
abscessation, to make an incision through the diaphragma sellae of the dura 
mater, to expose the pituitary gland. The dura mater covers the gland (Collett and 
Bath, 1994, p. 1411-1412).  
The control of A. pyogenes infections is difficult, as no efficient vaccine is available 
in South Africa. The only available vaccine (Actinomyces, alias Corynebacterium 
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pyogenes OBP) is time-consuming to administer and offers only partial protection. 
 
Arcanobacterium pyogenes, previously known as Actinomyces pyogenes or 
Corynebacterium pyogenes, is a well known cause of purulent conditions in 
livestock in South Africa (Carter, 1984, p. 212; Bishop, Haw, Kellermann, Van 
Rensburg and Whitehead, 1992, p. B-1); Lynch, et al. 1998; Henton, 1999, p.38; 
NMC newsletter, 1999; Quinn, et al., 1999, p. 145; Veterinary bacteriology and 
mycology, 2000; Universiteit van Pretoria, [s.a.], p. 18-19).  A. pyogenes 
abscesses contain yellowish, mayonnaise-like pus and laboratory culture is 
necessary for identification (Gaskin, 1992, p. G-14; Collett and Bath, 1994, p. 
1407). Specimens for laboratory submission include pus, exudates, aspirates, 
tissue and scrapings (Quinn, et al., 1999, p. 147). 
 
The bacterium is cultured on Columbia blood agar and incubated at 37ºC. Growth 
occurs aerobically, but for optimal growth CO2 is needed, thus growth is best 
facultatively anaerobic (capnophilic) (Cruickshank, 1968, p. 190; Carter, 1984, p. 
203; Bishop, et al., 1992, p. B-1). After 24 hours incubation colonies are tiny and 
surrounded by a zone of ß-haemolysis. After 48 hours incubation the colonies still 
appear small, but are beta hemolytic and similar to Streptococcus spp. 
(Cruickshank, 1968, p. 1900; Buchanan and Gibbons, 1975, p. 608; Cowan, 
1981, p. 59-60; Carter, 1984, p. 203, 206; Collett and Bath, 1994, p. 1406; Quinn, 
et al., 1999, p. 148; Universiteit van Pretoria, [s.a.], p. 18-19). 
 
Gram stained smears of pus reveals a small, highly pleomorphic, non motile, Gram 
positive mixture of cocci, rods and pear-shaped cells (Cruickshank, 1968, p. 
1900; Quinn, et al., 1999, p. 147-148).  
 
Arcanobacterium pyogenes is non-sporulating and biochemically relatively 
inactive, but glucose, lactose and sucrose are fermented (colour of sugar tests 
change from blue-green to yellow) and acid (gas) is formed.  
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Other characteristics include: 
a) The bacteria tests negative for catalase (no bubbling). 
b)  Urea tests negative (no colour changes). 
c) Indole tests negative (no red ring). 
d) Nitrate reduction tests negative (no colour changes).  
e) Other sugars are not fermented. 
f) A. pyogenes digests and peptonizes litmus milk (Cruickshank, 1968, p. 
 190; Buchanan and Gibbons, 1975, p. 608; Carter, 1984, p. 205-206; 
 Collett and Bath, 1994, p. 1406; Quinn, et al., 1999, p. 150; Universiteit 
 van Pretoria, (s.a.), p. 18-19).  
 
 
2.4 STAPHYLOCOCCUS AUREUS 
 
Staphylococcus aureus is commonly found on the skin, mucous membranes and 
in the environment. S. aureus is a major pathogen causing mastitis, but is also 
involved in tick pyaemia. Wounds infected with S. aureus can cause a variety of 
infections and abscesses (Henton, 1994b, p. 1233; Quinn, et al., 1999, p. 120). 
 
Columbia blood agar is used for inoculation of the specimen and the plates are 
incubated aerobically for 24 to 48 hours at 37ºC. Blood agar prepared with ovine 
erythrocytes is preferable for showing optimum haemolysis, as those red cells are 
susceptible to alpha and beta haemolysin. Colonies usually appear after 24 hours' 
incubation as round, smooth and glistening colonies, which tend to be opaque.  
 
S. aureus colonies tend to show a golden yellow pigment with alpha, beta, delta 
and gamma haemolysis. S. aureus often produces both alpha-haemolysin and 
beta-haemolysin. Alpha-haemolysin is responsible for the narrow zone of 
haemolysis immediately around the colony, while the beta-haemolysin is 
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responsible for the broader outer zone of partial haemolysis (Cruickshank, 1968, 
p. 135-142; Cowan, 1981, p. 48-50; Carter, 1984, p. 162; Henton, 1994b, p. 1233; 
Quinn, et al., 1999, p. 120).  
 
Purple agar base medium with the addition of 1% maltose, can be used and 
inoculated with a colony. If S. aureus is present, the colour of the medium will 
change after 24 hours to yellow, due to maltose fermentation.   
 
A smear can be made directly from the pus or from a colony. The smear is stained 
with Gram stain and shows Gram positive cocci, clumping to form a structure that 
looks like bunches of grapes.   
 
Other characteristics include: 
a) S. aureus is catalase positive (colony bubbles). 
b) Oxidase tests negative (no colour changes on oxidase stick). 
c)  Sugars are attacked by fermentation (colour of the sugar tests changes 
 from blue-green to yellow).  
d) The slide coagulase test is used as an aid in identification and is 
 available in commercially obtainable kits (Bactident Staph., Staphytect, 
 Staphylase test). A loopful of culture is emulsified in a drop of sterile, 
 distilled water on a microscope slide. A drop of the coagulase reagent is 
 added and gently rocked for two minutes. A positive reaction is indicated 
 by clumping (Cowan, 1981, p. 48-50; Quinn, et al., 1999, p. 60, 120). 
 
 
 
2.5 PROTEUS SPP. 
 
Proteus spp. are found naturally in the intestine, sewage and soil and are therefore 
present in animal faeces and the environment. Proteus spp. may act as an 
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opportunistic pathogen in abscesses and rarely causes severe enteritis after 
prolonged antibiotic treatment (Cruickshank, 1968, p. 252; Carter, 1984, p. 94; 
Quinn, et al., 1999, p. 216). 
 
Proteus spp. grows aerobically at 37ºC on Columbia blood agar and MacConkey 
agar. On the blood agar plates rings of heavy growth can be seen which are 
interspersed with thin areas of swarming.  
Proteus spp. has a foul odor and tends to turn the blood agar to chocolate-brown. 
All the species produce gas. Normally the bile salts in MacConkey agar prevent 
the swarming of colonies, but if the agar surface is moist, swarming may be seen 
(Cruickshank, 1968, p. 252-253; Quinn, et al., 1999, p. 60, 217). Proteus spp. 
forms acid when emulsified with xylose broth and incubated for 24 hours at 37ºC. 
 
Smears made from colonies, stain Gram negative and microscopically appear as 
rods, but the rods tend to be pleomorphic. The bacterium is motile, catalase 
positive (colony bubbles), oxidase negative (no colour change on oxidation stick) 
and ferments sugars (colour of sugar tests change from blue-green to yellow). 
Proteus spp. are part of the Enterobacteriaceae group and can be identified using 
the API 20E testing kit.  
 
The main reactions can be summarized, after inoculation and incubation for 24 
hours at 37ºC, as follows: 
a) The H2S test tube test positive by the deposit of a thin black line in the 
 tube. 
 
b)  The Urea test tube test positive by changing colour from yellow to 
 red-orange.  
c) The black pigment in the Gel test tube is diffused, indicating gelatin 
 liquefaction, which indicates a positive reaction (Cruickshank, 1968, p. 
 252-253; Quinn, et  al., 1999, p. 60, 216-218). 
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2.6 PSEUDOMONAS AERUGINOSA 
 
Pseudomonas aeruginosa usually occurs in the skin, mucous membranes and 
faeces of animals, as well as the environment. This bacterium is an opportunistic 
pathogen and resistant to most antibiotics.  
 
It is a frequent contaminant, but can cause wound infections, mastitis, uterine 
infections, skin infections, abscesses, enteritis and arthritis (Carter, 1984, p. 72; 
Quinn, et al., 1999, p. 237). 
 
Pseudomonas aeruginosa grows aerobically at 37ºC on Columbia blood agar as 
well as MacConkey agar. After 24 to 48 hours the colonies appear large, flat and 
glistening with a blue-green pigment and have a grape-like odor. There is a clear 
zone of haemolysis around the colony. On MacConkey agar the colonies appear 
large and pale, with a greenish-blue pigment.  
If the bacteria are inoculated onto XLD medium, the colonies appear red 
(Cruickshank, 1968, p. 260; Cowan, 1981, p. 93; Carter, 1984, p. 74; Quinn, et al., 
1999, p. 239). 
 
Microscopic appearance is Gram negative, medium sized rods. Pseudomonas 
aeruginosa can be identified using the API 20NE testing kit. After inoculation and 
incubation for 24 hours at 37ºC, the main reactions can be summarized as follows:  
a) The bacterium is catalase positive (colony bubbles). 
b) Oxidase tests positive (colour changes from brown to purple on the tip 
 of the oxidase stick). 
c) Sugars are attacked via oxidation (colour of sugar tests changes from 
 blue-green to yellow). 
d) The black pigment in the Gel test tube is diffused, indicating gelatin 
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 liquefaction, which indicates a positive reaction. 
e) The ADH test tube changes colour from yellow to red-orange, indicating 
 arginine dihydrolase. 
f) The Urea test tube test positive by changing colour from yellow to 
 red-orange. 
g) The GLU test tube test positive by changing colour from yellow to red 
 when a drop of NIT 1 and NIT 2 reagents are added. This colour change
 indicates the production of NO2 (Cruickshank, 1968, p. 260; Cowan, 
 1981, p. 93; Quinn, et al., 1999, p. 60, 241). 
 
 
2.7 KLEBSIELLA PNEUMONIAE 
 
Klebsiella pneumoniae occurs widely in nature, especially in animal bedding, soil 
and sawdust. It is a common inhabitant of the intestinal tract of animals (Carter, 
1984, p. 94; Quinn, et al., 1999, p. 216). The bacterium is an opportunistic 
pathogen and in South Africa is usually associated with mastitis and septicaemia 
in lambs (Henton, 1994a, p. 1080). 
 
Klebsiella pneumoniae is a facultatively anaerobe, and grows at 37ºC on 
Columbia blood agar and MacConkey agar. On blood agar the colonies appear 
large, moist, viscid and mucoid. On MacConkey agar the colonies appear pale 
pink, because the bacterium ferments lactose. Klebsiella pneumoniae forms acid 
when emulsified with xylose broth and incubated for 24 hours at 37ºC. 
 
Microscopic appearance is Gram negative rods, usually containing a thick mucoid 
capsule. It belongs to the Enterobacteriaceae group and can thus be identified 
using the API 20E testing kit. The main reactions can be summarized, after 
inoculation and incubation for 24 hours at 37ºC, as follows:  
a) Klebsiella pneumoniae is catalase positive (colony bubbles). 
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b) Oxidase tests negative (no colour changes on oxidase stick). 
c) The bacterium is non-motile. 
d) The ONPG tube indicates a positive reaction by changing the colour to 
 yellow. 
e) The LDC tube tests positive for lysine decarboxylase and therefore 
 changes the colour of the tube from yellow to red. 
f) Klebsiella pneumoniae utilizes citrate and the tube changes colour from 
 pale green to blue-green. 
g) The URE tube tests positive for urease and the tube colour changes 
 from yellow to red-orange. 
 
 
h) The production of acetoin is positive and the tube colour changes to 
 pink-red, after a drop of VP 1 and VP 2 are added. This reaction can take 
 up to ten minutes (Cowan, 1981, p. 112; Henton, 1994a, p. 1080; Quinn, 
 et al., 1999, p. 60, 217-218). 
 
 
2.8 LACTOBACILLUS SPP. 
 
Lactobacillus spp. are usually a non-pathogen which occurs in the mouth, vagina 
and intestines. It is associated with dairy products where it usually acts as a 
contaminant. Atmospheric requirements range between anaerobic and 
facultatively anaerobic at a temperature of 37ºC for 48 hours. The colonies appear 
grey and very small on Columbia blood agar.  
The bacterium stains Gram positive, characterized by long and short rods, which 
are not sporeforming. Other characteristics include:  
a) The bacterium tests catalase negative (no bubbles). 
b) The bacterium is not acid fast. 
c) Sugar is fermented (changes the colour of the sugar tests from 
 blue-green to yellow).  
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d) Acid is produced from maltose and the maltose test changes colour from 
 blue-green to yellow (Cruickshank, 1968, p. 162; Cowan, 1981, p. 62; 
 Carter, 1984, p. 234). 
 
Lactobacillus spp. can be easily confused with Erysipelothrix spp., which is most 
commonly associated with pigs, but can be isolated from many animal species. It 
is also present in soil. Atmospheric conditions range between aerobic and 
facultative anaerobic at a temperature of 37ºC for 48 hours. The colonies have two 
forms, namely the S-form and the R-form. The S-form colonies are small, convex 
and circular and have an entire edge on Columbia blood agar. The S-form 
microscopic appearance, tend to be medium sized Gram positive rods.  
The R-form colonies appear flatter and opaque, have an irregular edge and are 
lager on Columbia blood agar. The R-form microscopic appearance, tend to be 
Gram positive filaments of various lengths.  
 
Other characteristics include:  
a) The bacterium tests catalase negative (no bubbles). 
b)  The bacterium tests oxidase negative (no color changes on oxidase 
 stick). 
c) The bacterium is not acid fast. 
d) The bacterium is non motile. 
e) Glucose and lactose are fermented (changes the color of the sugar tests 
 from blue-green to yellow), but acid production is poor.  
 
 
f)  Erysipelothrix spp. produces a characteristic reaction when a TSI (triple 
 sugar iron) tube is inoculated (A thin black line of H2O is produced just 
 along the inoculation stab. (Cruickshank, 1968, p. 191-192; Carter, 
 1984, p. 199-200; Quinn, et al., 1999, p. 175-177). 
 
Therefore the colonies of Lactobacillus spp. could be easily confused with those 
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of Erysipelothrix spp. in this study, as the tests used to identify the colonies, were 
not sensitive enough. The characteristic TSI tube test were not performed on the 
colonies and would have distinguished more precisely between the two bacteria. 
 
 
2.9 ABSCESSES 
 
Abscesses are usually formed as a result of infection by pus forming bacteria. The 
bacteria are introduced to the body by means of integument penetration. There are 
various ways in which this happens, for example, a puncture wound from a dirty 
needle, bacteria spreading from another infection site in the body or from normal 
body flora. Chances for abscess formation increase if dirt or foreign bodies are 
introduced into the area (Merck manual, 2003).  
 
An abscess is characterized by a swelling, with fluid gathered around and 
underneath it, but the abscess can also calcify and harden, causing a permanent 
lesion. It can reach a diameter of 5-10 cm, containing a firm fibrous capsule, 
becoming firmer with age and leading to a caseous, friable, dry texture. The 
abscess is filled with pus and is usually called a pus-filled sore. The shape of the 
abscess and appearance of the pus depends on the causative organism. The pus 
in abscesses caused by C. pseudotuberculosis for example, is usually green or 
yellow with a toothpaste or putty-like consistency and consists of live and dead 
organisms and destroyed tissue.  
Tissue destruction is carried out by white blood cells that are transported to the 
area to fight the infection. In abscesses caused by C. pseudotuberculosis a 
concentric, laminated onion-ring appearance is often develops due to repeated 
necrosis and capsule formation, usually with a deposit of calcerous granules at the 
margin of the lesion. In goats, however, the abscess contents are like paste, the 
abscess itself has no laminated appearance and very rarely calcifies (Gracey, 
1981, p. 232; Mönnig and Veldman, 1989, p. 403; Gracey and Collins, 1992, p. 
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332; Gaskin, 1992, p. G14; Aldridge, 1995; Merck manual, 2003; Turkington, 
2003).  
 
Abscess size may vary from barely recognizable to huge swellings (Gracey, 1981, 
p. 232). Abscesses are usually detected at necroscopy, because they do not show 
clinical signs of infection unless it is progressive, large or clinically detectable. In 
that case animals may become weak, lose weight, collapse and cough if the 
abscess is in the lungs (Collett, et al., 1994, p. 1389). Abscesses may also be 
diagnosed visually if under the skin (Merck manual, 2003). 
Abscesses are usually situated in the soft tissue under the skin, where, if they fully 
form, do not respond to antibiotics (Turkington, 2003). The tissue wall which 
surrounds the abscess is the body’s attempt to prevent further spread of the 
infection. However, if an abscess ruptures internally the infection can spread inside 
the body or under the skin surface, depending on the location (Merck manual, 
2003). 
 
Abscesses can form in or around any organ, such as the kidney, spleen or liver and 
often an injury, infection or intestine perforation, causes the abscess. Bacteria 
spread from these parts or through the bloodstream and cause these abscesses. 
Abscesses are common in or around the skin, but can develop anywhere, 
including the lungs, rectum and muscles. The most common organs that are prone 
to abscesses are the liver, kidneys, lungs and thoracic nodes. A deep abscess, for 
example in the muscle, can spread infection unnoticeably throughout the body 
(Aldridge, 1995; Merck manual, 2003).  
 
In parts of South Africa where infestation with ticks, such as Amblyomma spp., 
Hyalomma spp. and Rhipicephalus spp. are common, abscesses in the skin and 
regional lymph nodes occurs frequently. The migration of helminth larvae, such as 
Strongyloids spp., as well as blowfly (Lucilia spp.), which occurs percutaneously, 
can also result in inflammation and abscessation (Collett and Bath, 1994, p. 1408). 
Abscesses may only occur after several weeks or months of incubation, and 
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usually not at the site of the lesion, but at the regional draining nodes (Aldridge, 
1995). 
 
 
2.10 LYMPH NODES 
 
The occurrence of abscesses in sheep and goats differ, because sheep rarely 
show head and neck lesions. Abscesses are therefore common at prefemoral and 
prescapular sites, while in the goats the mandibular and parotid nodes are 
frequently involved. Therefore i t is suggested that, in goats, the organism is usually 
acquired through the buccal mucosa (Aldridge, 1995). 
 
Lymph nodes operate as infection filters for specific areas in the body and 
therefore the spread of infection from abscesses usually occur in them. Therefore 
any penetration of infection into the body will be intercepted by lymph nodes, which 
enlarge due to the infection.  
 
Abscesses in lymph nodes occur thus as a result of the body attempting to hamper 
the infection from spreading to other parts and to the organs (Mönnig and 
Veldman, 1989, p. 403; Aldridge, 1995).  
 
Abscesses are usually confined to the external, superficial lymph nodes, in order 
of frequency, for example, the pre-scapular, pre-crural, superficial inguinal, 
ischiatic and popliteal lymph nodes.  
 
There is also lymph node involvement, to a minor level, of the lung and thoracic 
lymph nodes (Gracey, 1981, p. 262; Gracey and Collins, 1992, p. 332; Aldridge, 
1995). In sheep, the main affected lymph nodes are the pre-scapular (dorsal 
superficial cervical) and the subiliac (prefemoral) lymph nodes. Initially, affected 
lymph nodes are enlarged, soft or doughy on palpation and, if superficially located, 
the skin that covers them may be thin and hairless (Collett, et al., 1994, p. 1390).  
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The superficial inguinal lymph node lies near the shoulder and is embedded in fat. 
This lymph node is responsible for draining of the head, neck, shoulder, forelimb, 
muscle and bone (Gracey, 1981, p. 27). 
 
The ischiatic lymph node lies on the outside of the sacro-sciatic ligament, which is 
near the rectum and is responsible for the draining of the posterior pelvic organs. 
This lymph node also receives discharge from the popliteal node (Gracey, 1981, 
p. 29). 
 
The popliteal lymph node is deeply seated in the gluteal muscle and is responsible 
for the drainage of the lower leg and foot (Gracey, 1981, p. 29). 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 3 
 
3. METHODOLOGICAL JUSTIFICATION 
 
3.1 LAW EXPORT ABATTOIR 
 
The presence of abscesses in animals lead to early culling of animals, 
 
 
39
downgrading or even condemnation of carcasses. It also points to problems in the 
flock, which can cause major financial losses for the farmer. If the causative 
bacteria are identified, the farmer can take measures to prevent further abscess 
formations. Therefore a study of the presence of abscesses was done in the 
Northern Cape province, including the Karoo and the Kalahari regions. Since the 
LAW abattoir at Groblershoop is an export abattoir, this abattoir was used to 
collect samples from animals sent from various districts for slaughter. 
 
Groblershoop (longitude 28º 54’ 086’’ and latitude 21º 59’ 555’’) is a small town 
situated on the banks of the Orange River, approximately 116 kilometers south of 
Upington, on the N10 main road (see detailed map of the Northern Cape province, 
Figure 3.1). It is situated approximately 280 kilometers from Kimberley, the capital 
city of the Northern Cape province, on the R64 main road. Groblershoop is 
situated approximately 816 kilometers south west of Pretoria if travelling on the 
N12 main road, and approximately 945 kilometers north west of Port Elizabeth, if 
travelling on the N10 main road. 
The LAW export abattoir is situated on the outskirts of Groblershoop, on the N10 
main road, leading to Prieska, which is approximately 134 kilometers from 
Groblershoop. 
 
 
 
 
 
 
 
FIGURE 3.1 A DETAILED MAP OF THE RESEARCH AREA 
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3.2 RESEARCH AREA 
 
The research area can be divided into three main production areas. 
 
 
3.2.1 Groblershoop 
 
The Groblershoop main production area consists of the Groblershoop and the 
Upington district. The rainfall in this area varied from zero to 50 millimeters in 2002, 
stressing the drier climate of this area.  This area is known for the high 
temperatures in summer. It reaches temperatures as high a 44ºC, with the average 
maximum summer temperature being 35.2ºC. The winter temperatures are a lot 
cooler, with an average maximum of 22ºC (South African Weather Bureau, 2003). 
 
 
3.2.2 Gordonia 
 
The Gordonia main production area consists of the Kenhardt district and the areas 
surrounding the Gordonia district, excluding Upington. Kenhardt is situated 
approximately 158 kilometers south west of Groblershoop, on the R383 secondary 
road and the N10 main road. The rainfall of the Gordonia main production area 
varied from zero to 50 millimeters in 2002 (South African Weather Bureau, 2003), 
stressing the drier climate of this area as well. The temperatures are high in 
summer and can reach maximum temperatures of 46ºC, with an average 
maximum of 35.2ºC. The temperature can cool down in winter to reach an average 
maximum of 24ºC (South African Weather Bureau, 2003). 
 
 
 
3.2.3 Hantam 
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The Hantam main production area consists of the Springbok and the Calvinia 
districts. Springbok is situated approximately 496 kilometers west of 
Groblershoop on the N14 and N10 main roads. Calvinia is approximately 479 
kilometers south west of Groblershoop, on the R27 main road, the R383 
secondary road and the N10 main road. The rainfall of the Hantam main production 
area varied between 100 to 200 millimeters in 2002 (South African Weather 
Bureau, 2003), stressing that this area receives more rain than that of the 
Groblershoop and Gordonia main production area. The summer temperatures in 
this area are also lower than the other main production areas and reach an 
average maximum of 29.8ºC, whilst the winter temperature reach a low average 
maximum of 16.8ºC. 
 
A detailed map of the research area is included to highlight the area (see Figure 
3.2). 
 
A total of 200 samples were collected from LAW export abattoir, over a period of 
twelve months. This abattoir was recently upgraded to become one of the few 
sheep abattoirs which gained approval for export to the European Union (EU). The 
abattoir was upgraded to meet all the necessary requirements, such as hygiene 
management and quality control. Food safety is very important, thus all the 
necessary requirements of the international food act, according to HACCP 
(Hazard Analysis of Critical Control Points), were met by LAW. HACCP requires 
control of all production processes, starting on the farm, to ensure the success of 
eventual export. Therefore farmers must commit themselves to environmentally 
friendly and good farming practices, for example animal health, animal handling 
and correct dosages of medicine and vaccines (Pretorius, 2003, p. 6-7). 
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FIGURE 3.2 A DETAILED MAP OF THE RESEARCH AREA 
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3.3 RESEARCH PROCEDURES 
 
3.3.1 Abscess collection 
 
Abscesses were collected from different parts of the carcasses of small stock and 
were cultured bacteriologically.  The centre of an abscess may be sterile and this 
leads to false negative reactions. Therefore the samples were taken from the edge 
of the abscesses. All the abscesses on each selected carcass were sampled. 
Sterile swabs, which contained Amies transport medium, were used. Transport 
medium ensures that the material on the swab is not subjected to drying out in 
transit. The swabs were sent by courier to the laboratory each day, or each day 
whenever there were abscesses present.  
 
 
3.3.2 Preparation and incubation 
 
Columbia agar and MacConkey agar, products of Oxoid, were obtained 
commercially and prepared according to the supplier (CA Milsch, Johannesburg) 
specifications on the bottles (Siegmund, 1961, p. 88, 163; Cowan, 1981, p. 9-10; 
Carter, 1984, p. 23; Bishop, et al., 1992, p. A-7, J-1-J-3, J-20, J-36-J-37, J-68; 
Bridson, 1998, p. 2-4, 2-80, 2-138; Quinn, et al., 1999, p. 31-34, 44, 212). The 
media were sterilized, cooled and aseptically dispensed into Petri dishes, where 
they were left to set (Cowan, 1981, p. 13; Bridson, 1998, p. 2-4). 
  
Every agar plate was streaked individually, using the abscess material on the 
swabs. For each swab a single agar plate of each medium was used, to ensure no 
cross-contamination could occur (Bishop, et al., 1992, p. A-5, A-7; Bridson, 1998, 
p. 2-11; Quinn, et al., 1999, p. 35).  
 
The agar plates were incubated aerobically for 48 hours (Cowan, 1981, p. 27; 
Bishop, et al., 1992, p. A-7, A-9; Quinn, et al., 1999, p. 35-37). 
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3.3.3 Identification 
 
After 48 hours incubation the plates were removed from the incubator and 
screened for possible growth. Where growth occurred on the blood agar plates, 
MacConkey plates were also screened. Gram smears were made from the 
colonies on the blood agar plates and tested for oxidase and catalase (Siegmund, 
1961, p. 357; Cowan, 1981, p. 25; Carter, 1984, p. 412, 433, 467-468; Bishop, et 
al., 1992, p. D-5, E-6, J-25; Bridson, 1998, p. 5-5; Quinn, et al., 1999, p. 21-23, 
617).  
 
Where no growth occurred, the plates were incubated for another 24 hours and if 
there was still no growth was present, the plates were discarded and it was noted 
on the result form. Where a plate had various colonies of growth on it, each colony 
was identified individually and noted. With each batch of agar plates a single 
un-inoculated plate was incubated, to rule out any contamination from the 
environment. 
 
 
3.3.4 Secondary tests 
 
 Gram negative bacteria were further identified according to the following criteria 
 (Carter, 1984, p. 27; Quinn, et al., 1999, p. 59): 
 a) The pigment of colonies, if any, on blood agar as well as MacConkey 
 agar. Gram negative bacteria usually grow on MacConkey agar. 
 b) Bacteria which reacted positively for catalase and negatively for oxidase, 
were identified as possible Enterobacteriaceae.  
c) Bacteria which reacted positively for catalase as well as oxidase, usually 
belong to the Pseudomonas group. 
 d) The colour of the colonies on MacConkey agar were also used as criteria, 
with E. coli being bright pink, Klebsiella being pale pink, Proteus spp. 
being pale yellow and Pseudomonas species being pale yellow, but 
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producing a blue-green pigment. 
 e) Further identification was made using the colony morphology and the colour 
of the agar. Proteus species show a characteristic swarming of colonies 
and turn blood agar to a chocolate brown colour. The colonies of Klebsiella 
species are usually mucoid, but some strains of E. coli can also be mucoid. 
 f) Further biochemical test was done using the API 20E test kit (for 
Enterobacteriaceae) and the API 20NE test kit (for other Gram negative 
bacteria). The bacteria were identified accordingly.  
 
 Gram positive bacteria were further identified according to the following 
 criteria (Bishop, et al., 1992, p. F-3-F-16): 
a) The colony morphology and texture. C. pseudotuberculosis has a 
distinctive dry, crumbly colony, which is not attached to the agar and can be 
moved around on the agar plate whilst staying intact. 
b) The microscopic morphology of a Gram stained smear. Staphylococcus 
and Streptococcus species consists of cocci, whilst C. 
pseudotuberculosis, A. pyogenes and Lactobacillus species consists of 
rods. 
c) The bacteria that tested negative for catalase and oxidase could be 
identified as Actinomyces pyogenes, Streptococcus or Lactobacillus. 
Lactobacillus spp. can be easily confused with Erysipelothrix spp., 
because their characteristics are very similar.  There are, however, two 
main characteristics that can be used to distinguish between the two: 
Ø Erysipelothrix  spp. produce acid from maltose and the maltose test 
changes colour from blue-green to yellow, whilst Lactobacillus spp. are 
a very poor producer of acid. 
Ø Erysipelothrix spp. produces a characteristic reaction when a TSI 
(triple sugar iron) tube is inoculated.  
 
After 24 hour of incubation at 37ºC, H2O is produced as a thin black line 
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just along the inoculation stab (Cruickshank, 1968, p. 191-192; Carter, 
1984, p. 199-200; Quinn, et al., 1999, p. 175-177). 
 
d) The bacteria that tested positive for catalase, but negative for oxidase, 
could be identified as C. pseudotuberculosis. 
e) Streptococcus agalactiae and A. pyogenes have very similar colony and 
 microscopic characters. Table 3.1 summarizes the general differences  
 between the two bacteria (Carter, 1984, p. 186; Bishop, et al., 1992, p. 
 F-5, F-7; Quinn, et al., 1999, p. 127-131, 144-146, 150, 337). 
 
 
TABLE 3.1: IDENTIFICATION OF A. PYOGENES AND STREP. 
AGALACTIAE 
 
BACTERIA STREP. 
AGALACTIAE 
A. PYOGENES 
NORMAL 
OCCURRENCE 
Bovine mastitis, rarely 
from other animals 
Abscesses 
 
MICROSCOPIC 
APPEARANCE 
Gram positive, medium 
to long chains visible in 
broth 
Gram positive, 
pleomorphic rods, "v" 
and "y" formations 
CAMP TEST Positive 
Characteristic 
"arrow-head" clearing  
Positive 
Showing enhancement 
effect 
TREHALOSE Positive 
Formation of acid 
Negative 
LOEFFLER SERUM 
SLOPE 
Negative Pits Loeffler serum 
slope 
 
3.3.5 General 
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All the samples were subjected to the same procedures and there were no 
deviations. If samples were received on a Friday, they were processed and 
cultured and then identified on a Sunday, after 48 hours incubation, using the same 
techniques as described. 
 
 
3.4 STATISTICAL TECHNIQUES 
 
Abscesses from different parts of the carcass were collected, from the LAW export 
abattoir, on a daily basis. Each specimen was processed and cultured individually 
and all relevant information was noted. The percentage condemnations per area 
were also noted. All relevant data, obtained from compiled tables, were entered 
into a database, using the Microsoft Excel computer program, in order to process 
the information statistically.  
 
The statistical tests used were the ANOVA (parametric) and Kruskal-Wallis 
(non-parametric) tests. The Kruskal-Wallis test procedure compares the absolute 
value of the differences in mean ranks for all pairs, with a critical value. This is 
determined using a normal approximation with suitable adjustment of alpha to take 
the multiple comparisons into account (Statistica, 1997; King, 2002, p. 34). 
 
These tests are based on the fact that, if the p value of the testing criteria is smaller 
than 0.05, the zero hypothesis is rejected with a probability of 95%. This favours 
the alternative hypothesis that there are, in fact, significant differences. The testing 
criteria are used in cases where the probability is accepted according to a 5% 
level of statistical significance (p < 0.05). In cases where probability is accepted 
on a 1% level of statistical significance (p < 0.001), it is accepted as highly 
significant (Steyn, Smit and Du Toit, 1984, p. 339).   
 
Thus, if p < 0.05, the probability is more than 95% (1-p) and the relationship is 
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statistical significant. Where p < 0.001, the probability is more than 99% (1-p), 
that the relationship is highly significant (Geyer, 1999, p. 103; Coetzee, 2002, p. 
47). 
 
Where significant differences occurred, residue analysis was performed in order 
to determine which variable contributed the most to cause the significance. For 
any given x-value, the difference between the observed y-value (random sample) 
and the regression value (value on regression line), will cause a residue difference. 
Residue can be negative, zero or positive, implicating a negative, zero or positive 
bond between the variables.  Residue can occur as natural deviations, fault factors 
or line- and column interactions (Schuman, Bower and Schoeman, 1976, p. 
111-115; Snedecor en Cochran, 1976, p. 149-174; 260-281; Hoel and Jessen, 
1977, p. 265-296; Steyn, et al., 1984, p.376-382; Geyer, 1999, p. 104-105). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 4 
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4. RESULTS 
 
4.1 BACKGROUND 
 
Samples were taken and processed according to the techniques and procedures 
described in the research procedures (3.3). Firstly swabs were taken from the 
abscesses. The swabs contained transport media to prevent desiccation. All 
necessary information was noted on a sample form, which is used by the Upington 
veterinary laboratory in general bacteriology (see Annexure A). 
 
Columbia blood agar as well as MacConkey agar were prepared, poured into 
petri dishes and allowed to set. The swabs were individually streaked onto the 
agar plates and incubated. After 48 hours the plates were examined for bacterial 
growth. Bacteria were identified using colony characters, Gram stain, oxidase, 
catalase and where necessary, API 20E reagent kits. The results were noted on 
the sample form and filed. A total of 200 abscesses were sampled by means of 
swabs and the study was carried out over a period of twelve months. All the results 
were summarized in tables. 
 
 
4.2 BACTERIA AND AREA OVERALL 
 
Table 4.1 presents the slaughter statistics of the LAW export abattoir.  
 
 
 
 
TABLE 4.1: SLAUGHTER STATISTICS OF THE LAW EXPORT ABATTOIR 
 
GROBLERSHOOP 
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 1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
TOTAL ANIMALS 
SLAUGHTERED 
17 458 20 103 12 498 7 364 57 423 
ANIMALS 
SLAUGHTERED 
FROM AREA 
11 091 11 471 9 101 3 141 34 804 
PERCENTAGE 63.53% 57.06% 72.82% 42.65% 60.61% 
GORDONIA 
 1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
TOTAL ANIMALS 
SLAUGHTERED 
17 458 20 103 12 498 7 364 57 423 
ANIMALS 
SLAUGHTERED 
FROM AREA 
5 407 5 043 3 228 1 584 15 262 
PERCENTAGE 30.98% 25.09% 25.83% 21.51% 26.58% 
HANTAM 
 1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
TOTAL ANIMALS 
SLAUGHTERED 
17 458 20 103 12 498 7 364 57 423 
ANIMALS 
SLAUGHTERED 
FROM AREA 
960 3 589 169 2 639 7 357 
PERCENTAGE 5.50% 17.85% 1.35% 35.84% 12.81% 
TABLE 4.2: THE PRESENCE OF BACTERIA IN THE SURVEY AREA 
 
BACTERIA GROBLERSHOOP GORDONIA HANTAM TOTAL 
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ANIMALS 
SLAUGHTERED 
34 804 15 262 7 357 57 423 
 Cases %* Cases %* Cases %* Cases %* 
Escherichia coli 38 0.11 8 0.05 26 0.35 72 0.13 
Corynebacterium 
pseudotuberculosis 
29 0.08 25 0.16 14 0.19 68 0.12 
Arcanobacterium 
pyogenes 
18 0.05 7 0.05 5 0.07 30 0.05 
Staph. aureus 7 0.02 2 0.01 1 0.01 10 0.02 
Proteus spp. 4 0.01 0 0 6 0.08 10 0.02 
Pseudomonas 
aeruginosa 
3 0.01 0 0 4 0.05 7 0.01 
Klebsiella 
pneumoniae 
0 0 2 0.01 0 0 2 0.003 
Lactobacillus spp. 1 0.01 0 0 0 0 1 0.002 
TOTAL 100 0.29 44 0.28 56 0.75 200 0.35 
*Percentages calculated according to cases and animals slaughtered. 
 
According to Table 4.2 a total of eight different bacteria were isolated from the 200 
abscesses. The prevalence of the bacteria was divided between the three main 
production areas. Each main production area was divided into cases received 
from that area and the calculated percentage.  
 
The percentages were calculated according to the number of cases received for 
a specific main production area as well as the slaughter numbers of that specific 
main production area. The three major abscess causing bacteria with the highest 
prevalence, were identified and used further for statistical analysis in this study. 
The other five bacteria that were isolated have also been discussed in this study, 
although their prevalence were significantly low. They were, however, not used in 
the statistical analysis. 
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The research from the data indicated that the occurrence of E. coli was the highest 
(72), followed by C. pseudotuberculosis (68) and to a much lesser extent, A. 
pyogenes (30). According to the districts, Groblershoop had the highest 
prevalence of C. pseudotuberculosis, followed by Gordonia and then Hantam. 
Groblershoop also had the highest prevalence of E. coli, but is followed by the 
Hantam area and then Gordonia. In the instance of A. pyogenes, Groblershoop 
again showed the highest prevalence, followed by Gordonia and then Hantam. 
 
Statistical analysis was conducted (Table 5, Annexure B). The results were divided 
into area differences and bacteria differences. The univariate test of significance 
for percentages was done using the ANOVA test, which is a parametric test. There 
were no significant differences between area (p=0.2533) and bacteria 
(p=0.3178). The Kruskal-Wallis ANOVA test, which is a non-parametric test, was 
also performed on area differences and bacteria differences, because 
non-parametric testing eliminates the effect of a great out shooter. Unfortunately 
the Kruskal-Wallis test does not single out the types that differed significantly, but 
does indicate that there were differences among the types.  
 
Although the prevalence of the bacteria in the Hantam area is invariable higher 
than in the other two main production areas, there were not significant differences 
in the prevalence between the type of bacteria (p=0.1133) and between the 
different areas (p=0.2881).  
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 FIGURE 4.1: THE PRESENCE OF THE THREE MAJOR BACTERIAL 
   ISOLATES PER MAIN PRODUCTION AREA 
 
Figure 4.1 clearly shows the high prevalence of E. coli in the Hantam area, 
followed by C. pseudotuberculosis and to a lesser extent, A. pyogenes. It also 
indicates that the highest prevalence of all the bacteria originate in the Hantam 
area. In the Gordonia area the prevalence of C. pseudotuberculosis is the highest, 
followed by E. coli which is just slightly higher than A. pyogenes. The Groblershoop 
area shows the lowest prevalence of all the bacteria, with E. coli being the highest 
followed by C. pseudotuberculosis and A. pyogenes. The figure also indicates 
that in the Gordonia area the prevalence of C. pseudotuberculosis is the highest, 
whilst in the other two main production areas, the prevalence of E. coli is the 
highest.  
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FIGURE 4.2:  THE OVERALL PRESENCE OF THE THREE MAJOR 
   BACTERIAL ISOLATES 
 
According to Figure 4.2 the prevalence of E. coli, was the highest, followed by C. 
pseudotuberculosis and to a much lesser extent, A. pyogenes.  
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BACTERIA PER MAIN PRODUCTION AREA 
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According to Figure 4.3 the area with the highest prevalence of the three major 
bacteria was the Hantam area, followed by Gordonia and Groblershoop, with 
Gordonia just higher than Groblershoop.  
 
 
4.3 BACTERIA AND QUARTER DIFFERENCES 
 
TABLE 4.3: THE OVERALL PRESENCE OF THE THREE MAJOR 
BACTERIA AND QUARTER DIFFERENCES 
 
BACTERIA 
 
1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
ANIMALS 
SLAUGHTERED 
17 458 20 103 12 498 7 364 57 423 
 Cases %* Cases %* Cases %* Cases %* Cases %* 
E. coli 20 0.12 16 0.08 6 0.05 30 0.41 72 0.13 
C. pseudo- 
tuberculosis 
19 0.11 17 0.09 15 0.12 17 0.23 68 0.12 
A. pyogenes 4 0.02 14 0.07 2 0.02 10 0.14 30 0.05 
TOTAL 43 0.25 47 0.24 23 0.19 57 0.78 170 0.30 
* Percentages calculated according to cases and animals slaughtered. 
 
Where: 1 ST Quarter = Jan, Feb, March 2 ND Quarter = April, May, June 
  3 RD Quarter = Jul, Aug, Sep 4 TH Quarter = Oct, Nov, Dec 
   
According to the data in Table 4.3 the prevalence of the bacteria was divided 
between four quarters. Each quarter was divided into cases received from that 
area and the calculated percentage. The percentages were calculated according 
to the number of cases received for a specific quarter as well as the slaughter 
numbers of that specific quarter. According to Table 4.3 E. coli had the highest 
prevalence in the fourth quarter, followed by the first quarter, the second quarter 
 57
and the third quarter. C. pseudotuberculosis had the highest prevalence in the first 
quarter, followed by the second and fourth quarters with equal case numbers and 
the third quarter just lower. In the case of A. pyogenes, the highest prevalence 
occurred in the second quarter followed by the fourth quarter. The prevalence in the 
first and third quarters were very low. In the overall evaluation of the data, the 
prevalence of bacteria was the highest in the fourth quarter, followed by the second 
quarter and then the first quarter. The third quarter showed fewer occurrences of 
bacteria.   
 
However, according to the statistical analysis (Table 6, Annexure B), significant 
differences occur. The parametric test (ANOVA) indicates that the quarters differ 
significantly on a 5% level (p=0.0341). The non-parametric test (Kruskal-Wallis) 
indicates that the fourth quarter differs significantly on a 10% level (p=0.0922), 
from the other quarters. (A 10% level indicates that p is smaller than 0.1, but bigger 
than 0.05). There are, however, no significant differences between the presences 
of the bacteria.  
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Figure 4.4 clearly shows the major differences in all the quarters as well as the high 
occurrence of all the bacteria in the fourth quarter, with E. coli the highest, followed 
by C. pseudotuberculosis and A. pyogenes. In the third quarter the prevalence of 
A. pyogenes is much lower with E. coli just higher. The prevalence of C. 
pseudotuberculosis is the highest in the third quarter. In the second quarter the 
prevalence of the three bacteria are very close to one another, with C. 
pseudotuberculosis being the highest, followed by E. coli and A. pyogenes. The 
prevalence of A. pyogenes is the lowest in the first quarter, being almost similar to 
the third quarter. E. coli is the highest with C. pseudotuberculosis at almost the 
same level of prevalence. Figure 4.4 also indicates that the prevalence of E. coli 
decreased over the first three quarters, and then increased considerably in the 
fourth quarter.   
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FIGURE 4.5  THE TOTAL PRESENCE OF THE THREE MAJOR  
BACTERIA PER QUARTERS OVERALL 
 
Figure 4.5 clearly shows that the fourth quarter is the out shooter, whilst the first and 
second quarter stayed more or less the same, as with the third quarter that showed 
a slight decrease. 
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4.4 BACTERIA AND QUARTER DIFFERENCES PER MAIN PRODUCTION 
AREA: GROBLERSHOOP 
 
TABLE 4.4 THE OCCURRENCE OF THE THREE MAJOR BACTERIAL 
  ISOLATES PER QUARTER FOR THE GROBLERSHOOP  
  MAIN PRODUCTION AREA 
 
BACTERIA 
 
1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
ANIMALS 
SLAUGHTERED 
11 091 11 471 9 101 3 141 34 804 
 Cases %* Cases %* Cases %* Cases %* Cases %* 
E. coli 12 0.11 6 0.05 4 0.04 16 0.51 38 0.11 
C. pseudo- 
tuberculosis 
9 0.08 4 0.04 5 0.06 11 0.35 29 0.08 
A. pyogenes 0 0 10 0.09 1 0.01 7 0.22 18 0.05 
TOTAL 21 0.19 20 0.18 10 0.11 34 1.08 85 0.24 
* Percentages calculated according to cases and animals slaughtered. 
 
Where: 1 ST Quarter = Jan, Feb, March 2 ND Quarter = April, May, June 
  3 RD Quarter = Jul, Aug, Sep 4 TH Quarter = Oct, Nov, Dec 
 
The data in Table 4.4 indicates that the prevalence of the bacteria, in the 
Groblerhoop main production area, was divided between four quarters. Each 
quarter was divided into cases received and the calculated percentage. The 
percentages were calculated according to the number of cases received for a 
specific quarter as well as the slaughter numbers of that specific quarter. 
According to Table 4.4 the Groblershoop main production area had the highest 
prevalence of E. coli occurred in the fourth quarter, followed by the first quarter. The 
prevalence of E. coli in the second quarter was relatively low, with the third quarter 
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just lower. The occurrence of C. pseudotuberculosis was more or less the same 
as that of E. coli, except that in the second quarter the prevalence was the lowest. 
The third bacterium, A. pyogenes, occurred the most in the second quarter, 
followed by the fourth quarter. The third quarter had the least occurrence, whilst in 
the first quarter there was no prevalence. In the Groblershoop main production 
area, the occurrence of E. coli was the highest of all the bacteria, followed by C. 
pseudotuberculosis and lastly A. pyogenes. 
  
According to the statistical analysis, (Table 7, Annexure B), the data correspond 
with the statistics. The parametric test (ANOVA) indicates that the quarters differ 
significantly on a 5% level (p=0.0040), whilst the non-parametric test 
(Kruskal-Wallis ANOVA) on quarter differences indicates that the fourth quarter 
differs significantly on a 10% level (p=0.0862), from the other quarters. There were, 
however, no significant differences (p=0.6677) between the bacteria.  
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Figure 4.6 shows the high occurrence of all the bacteria in the fourth quarter, the 
highest being E. coli, followed by C. pseudotuberculosis and A. pyogenes. During 
the third quarter there were no significant differences between the bacteria, except 
that C. pseudotuberculosis occurred slightly more than E. coli. However, in the 
second quarter the occurrence of A. pyogenes was the highest, even though the 
prevalence was relatively low. In contrast with the second quarter, the first quarter 
had no occurrence of A. pyogenes, whilst E. coli still had the highest occurrence, 
followed by C. pseudotuberculosis. There was a dramatic increase in the 
prevalence of all the bacteria from the third quarter to the fourth quarter. 
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FIGURE 4.7  THE TOTAL OCCURRENCE OF THE THREE MAJOR  
BACTERIA PER QUARTER FOR THE 
GROBLERSHOOP MAIN PRODUCTION AREA 
 
Figure 4.7 shows that the occurrence of the bacteria overall was the highest during 
the fourth quarter. There was a slight decrease, in the occurrence of bacteria, from 
the first quarter to the third quarter, with a significant increase in the fourth quarter. 
 
4.5 BACTERIA AND QUARTER DIFFERENCES PER MAIN PRODUCTION 
AREA: GORDONIA 
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TABLE 4.5 THE OCCURRENCE OF THE THREE MAJOR BACTERIAL 
  ISOLATES PER QUARTER FOR THE GORDONIA MAIN  
  PRODUCTION AREA 
 
BACTERIA 
 
1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
ANIMALS 
SLAUGHTERED 
5 407 5 043 3 228 1 584 15 262 
 Cases %* Cases %* Cases %* Cases %* Cases %* 
E. coli 1 0.02 5 0.10 1 0.03 1 0.06 8 0.05 
C. pseudo- 
tuberculosis 
7 0.13 9 0.18 6 0.19 3 0.19 25 0.16 
A. pyogenes 3 0.06 3 0.06 1 0.03 0 0 7 0.05 
TOTAL 11 0.21 17 0.34 8 0.25 4 0.25 40 0.26 
* Percentages calculated according to cases and animals slaughtered. 
 
Where: 1 ST Quarter = Jan, Feb, March 2 ND Quarter = April, May, June 
  3 RD Quarter = Jul, Aug, Sep 4 TH Quarter = Oct, Nov, Dec 
 
According to the data in Table 4.5 the prevalence of the bacteria, in the Gordonia 
main production area, was divided between four quarters. Each quarter was 
divided into cases received and the calculated percentage. The percentages were 
calculated according to the number of cases received for a specific quarter as well 
as the slaughter numbers of that specific quarter. According to Table 4.5 the 
second quarter had the highest prevalence of E. coli, whilst the other quarters had 
the same, low prevalence. The occurrence of C. pseudotuberculosis was the 
highest in the second quarter, followed by the first quarter, then the third quarter 
and the least in the fourth quarter. The prevalence of A. pyogenes was relatively 
low with the first and second quarter being the highest, followed by the third quarter, 
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with a single prevalence and the fourth quarter, with no prevalence at all. The 
Gordonia main production area had the highest prevalence of C. 
pseudotuberculosis, followed by E. coli and A. pyogenes.  
 
According to the statistical analysis (Table 8, Annexure B), significant differences 
occur. The parametric test (ANOVA) indicates that the bacteria differs significantly 
(p=0.0013) on a 5% level, whilst the non-parametric test (Kruskal-Wallis ANOVA) 
on bacteria differences, confirms this by indicating that the prevalence of C. 
pseudotuberculosis is higher. Thus it differs significantly (p=0.0218) on a 5% level 
from the other bacteria. The quarter differences, according to the non-parametric 
test, do not differ significantly, although the second quarter is the highest. 
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FIGURE 4.8  THE OCCURRENCE OF THE THREE MAJOR  
   BACTERIAL ISOLATES PER QUARTER FOR THE  
   GORDONIA MAIN PRODUCTION AREA 
 
 
The high prevalence of C. pseudotuberculosis in all the quarters can be seen in 
Figure 4.8, with the first quarter being the lowest and then gradually increasing to 
the fourth quarter, which is the highest. In the first quarter, the prevalence of C. 
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pseudotuberculosis is the highest, followed by A. pyogenes and E. coli, which is 
the lowest. The second quarter differs; the prevalence of E. coli is higher than that 
of A. pyogenes, with the prevalence in the third quarter being the same. In the 
fourth quarter, the prevalence of E. coli is high again, with no prevalence of A. 
pyogenes at all. The overall view of the figure indicates that the prevalence of E. 
coli increases and decreases from quarter to quarter, while the prevalence of A. 
pyogenes increased a little in the second quarter and then kept on decreasing 
through to the fourth quarter. 
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FIGURE 4.9  THE TOTAL OCCURRENCE OF THE THREE MAJOR  
BACTERIA PER QUARTER FOR THE GORDONIA 
MAIN PRODUCTION AREA 
 
Figure 4.9 clearly indicates that in the second quarter the prevalence of bacteria 
was the highest with the first quarter being the lowest. The prevalence in the third 
and fourth quarter stayed the same. 
 
4.6 BACTERIA AND QUARTER DIFFERENCES PER MAIN PRODUCTION 
AREA: HANTAM 
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TABLE 4.6 THE OCCURRENCE OF THE THREE MAJOR BACTERIAL 
  ISOLATES PER QUARTER FOR THE HANTAM MAIN  
  PRODUCTION AREA 
 
BACTERIA 
 
1ST 
QUARTER 
2ND 
QUARTER 
3RD 
QUARTER 
4TH 
QUARTER 
TOTAL 
ANIMALS 
SLAUGHTERED 
960 3 589 169 2 639 7 357 
 Cases %* Cases %* Cases %* Cases %* Cases %* 
E. coli 7 0.73 5 0.14 1 0.60 13 0.50 24 0.33 
C. pseudo- 
tuberculosis 
3 0.31 4 0.11 4 2.37 3 0.11 14 0.19 
A. pyogenes 1 0.10 1 0.03 0 0 3 0.11 5 0.06 
TOTAL 11 1.14 10 0.28 5 2.97 19 0.72 43 0.58 
* Percentages calculated according to cases and animals slaughtered. 
 
Where: 1 ST Quarter = Jan, Feb, March 2 ND Quarter = April, May, June 
  3 RD Quarter = Jul, Aug, Sep 4 TH Quarter = Oct, Nov, Dec 
 
According to the data in Table 4.6 the prevalence of the bacteria, in the Hantam 
main production area, was divided between four quarters. Each quarter was 
divided into cases received and the calculated percentage. The percentages were 
calculated according to the number of cases received for a specific quarter as well 
as the slaughter numbers of that specific quarter. According to Table 4.6 the fourth 
quarter had the highest prevalence of E. coli, followed by the first quarter, then the 
second and then the third quarter. The occurrence of C. pseudotuberculosis was 
the same in the second and third quarter, but slightly lower in the first and fourth 
quarter. The prevalence of A. pyogenes was relatively small, with the fourth quarter 
being the highest, followed by the first and second quarter, which had the same 
prevalence. There was no occurrence in the third quarter. The Hantam main 
 66
production area had the highest prevalence of E. coli, followed by C. 
pseudotuberculosis, and then A. pyogenes, with a lot lower prevalence. 
 
According to the statistical analysis (Table 9, Annexure B), the data differs 
significantly. The parametric test (ANOVA) indicates no significant differences, 
whilst the non-parametric test (Kruskal-Wallis ANOVA) indicates that the 
occurrence of E. coli is very high, in contrast with the low occurrence of A. 
pyogenes. There is thus a significant difference (p=0.0364) on a 5% level in the 
bacteria differences. The quarter differences have no significant difference 
(p=0.6663), although the prevalence in the second quarter is lower.  
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FIGURE 4.10 THE OCCURRENCE OF THE THREE MAJOR  
   BACTERIAL ISOLATES PER QUARTER FOR THE  
   HANTAM MAIN PRODUCTION AREA 
 
 
According to Figure 4.10 the prevalence of E. coli is the highest in the first quarter, 
followed by C. pseudotuberculosis whilst the prevalence of A. pyogenes is 
relatively low. In the second quarter the prevalence of all the bacteria showed a 
decrease, with A. pyogenes being the lowest. In the third quarter the prevalence 
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of C. pseudotuberculosis increased dramatically, which made it a clear out 
shooter. The prevalence of E. coli showed an increase while A. pyogenes showed 
a further decrease to zero. According to Figure 4.10 the prevalence of C. 
pseudotuberculosis decreased dramatically and was the same as A. pyogenes. 
The occurrence of E. coli decreased a little, but was the highest in the fourth 
quarter. 
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FIGURE 4.11 THE TOTAL OCCURRENCE OF THE THREE MAJOR  
BACTERIA PER QUARTER FOR THE HANTAM MAIN 
PRODUCTION AREA 
 
According to Figure 4.11 the prevalence of all the bacteria was the highest in the 
third quarter, with the second quarter being the lowest. There was a decrease from 
the first to the second quarter, a major increase from the second to the third 
quarter, followed by a major decrease from the third to the fourth quarter.  
 
4.7 SLAUGHTER NUMBERS AND REJECTIONS OF THE LAW EXPORT 
ABATTOIR 
 
TABLE 4.7 SLAUGHTER NUMBERS AND REJECTIONS FROM THE 
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LAW EXPORT ABATTOIR 
  
1ST 
QUARTER 
2 ND 
QUARTER 
3 RD 
QUARTER 
4 TH 
QUARTER TOTAL 
TOTAL SHEEP 
SLAUGHTERED 17 458 20 103 12 498 7 364 57 423 
CARCASS 
REJECTIONS 191 98 91 123 503 
LIVER 
REJECTIONS  1 641 1 425 1 075 656 4 797 
TOTAL 
REJECTIONS DUE 
TO VARIOUS 
CONDITIONS 1 832 1 523 1 166 779 5 300 
PERCENTAGE 
AFFECTED DUE 
TO REJECTIONS 10.49% 7.58% 9.33% 10.58% 9.23% 
REJECTIONS DUE 
TO ABSCESSES 48 48 45 44 185 
REJECTIONS DUE 
TO THE THREE 
MAJOR ABSCESS 
CAUSING 
BACTERIA 43 47 23 57 170 
PERCENTAGE 
AFFECTED DUE 
TO ABSCESSES 0.27% 0.24% 0.36% 0.60% 0.32% 
According to Table 4.7, there were in total 503 carcass rejections and 4 797 liver 
rejections (the only part of the carcass to be rejected). This indicates a percentage 
affected of 9.23 percent. However, if the rejections as a result of abscesses are 
calculated, only 185 rejections occurred of the total 57 423 carcasses slaughtered, 
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during the research period. The percentage affected was thus a mere 0.32%. The 
three major abscess causing bacteria totaled 170 (0.30%), leaving other bacteria 
responsible for 15 rejections (Table 4.7).    
 
 
4.8 THE ECONOMIC IMPLICATIONS OF THE REJECTIONS 
 
TABLE 4.8 ECONOMIC VALUES OF REJECTIONS 
 
REJECTIONS 
DUE TO 
ABSCESSES 
VALUE 
PER UNIT 
(R) NUMBER TOTAL VALUE 
PERCENTAGE 
(%) OF THE 
TOTAL VALUE 
Carcasses R343,38 19 R6 524,22 45.31% 
Liver R3,06 12 R36,72 0.26% 
Forequarter R141,62 11 R1 557,82 10.82% 
Hindquarter R199,82 28 R5 594,96 38.85% 
Neck R12,10 11 R133,10 0.92% 
Off cuts R4,85 114 R552,90 3.84% 
TOTAL  185 R14 399,72 100% 
 
According to Table 4.8, the rejections, as a result of abscesses, included whole 
carcasses (19), organs (12), forequarters (11), hindquarters (28), necks (11) and 
trimmings or off cuts (114). The values given for all the rejections are an overall 
average calculated from all the carcasses slaughtered. The total value of all the 
rejections, as a result of abscesses, is thus R14 399,72, with the value of the 
carcasses being the highest (R6 524,22) and the value of the livers being the 
lowest (R36,72). The values of the carcasses (45.31%) and the hind quarters 
(38.85%) accounted for the major losses. 
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CHAPTER 5 
 
5. DISCUSSION OF RESULTS 
 
5.1 BACTERIA OVERALL 
 
From the results it was clear that the occurrence of bacteria is the highest in the 
fourth quarter. This is indicated by a significant difference of 10% between the 
quarters, with no significant difference between the bacteria found. The prevalence 
of bacteria decreased from the first to the third quarter, being the lowest and 
rapidly increasing in the fourth quarter. This can be due to factors such as tick 
bites, thorns, barbed wire, contaminated needles, flies, injuries, tail docking, 
castration and ear tagging (Siegmund, 1961, p. 448; Gracey, 1981, p. 262; Collett, 
et al., 1994, p. 1388; Herenda, 1994, p. 269; Aldridge, 1995; Nasionale 
Departement Landbou, 2000, p. 2; Paton, 2001, p. 22). These factors can again 
lead to wound infections, abscesses and injuries.  
 
According to the South African Weather Bureau, (South African Weather Bureau, 
2003), the Northern Cape province is one of the provinces with extreme hot and dry 
summer temperatures. In summer temperatures can reach a high of 44ºC in the 
Upington district, with higher temperatures in the Kalahari.  
 
Therefore, according to local farmers in the Gordonia district, farmers vaccinate 
and work with their animals mainly in winter when it is not as hot and there are not 
many flies, or very early in the morning in summer. High temperatures are favorable 
for ticks and flies, but the main concern is dehydration and death of farm animals 
due to heat stroke. The Kalahari dune sand can be very hot in summer and animals 
can literally loose their cloven hooves when walking in the dune sand on days when 
temperatures are high.  As a result they struggle to walk and can die due to heat 
stroke and thirst (Husselmann, personal interview, 2003). 
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Temperatures are at their hottest from December to March (South African 
Weather Bureau, 2003). The second and third quarters (April to September) are 
cooler and farmers can vaccinate, tag and tail dock animals. Most injectable 
drugs, for example Ivomec (Logos Agvet) have a withdrawal period, for example 
three weeks, which prohibit farmers sending their animals to abattoirs during that 
time. In the fourth quarter (October to December) all the withdrawal periods have 
expired and animals may be sent to the abattoir. December is also a holiday 
season and therefore meat sales and (usually) prices are higher, encouraging 
farmers to send their animals for slaughter (Van der Merwe, personal interview, 
2001).   
 
The overall occurrence of E. coli was the highest followed by C. 
pseudotuberculosis slightly lower and A. pyogenes much lower. That refers to the 
three main production areas for all four the quarters. 
 
 
5.2 MAIN PRODUCTION AREAS 
 
The Hantam main production area had the highest prevalence of bacteria with the 
lowest slaughter numbers, whilst the Groblershoop main production area had the 
lowest prevalence of bacteria with the highest slaughter numbers. It seems that the 
occurrence of abscesses might become a problem in the Hantam area, but 
looking at the total number of rejections (5 803) and the rejections caused by 
abscesses (185), the occurrence is a relatively low 3.19% (Table 4.7). 
 
 
The prevalence of bacteria in the Groblershoop main production area was the 
highest in the fourth quarter and the lowest in the third quarter. In the Gordonia main 
production area the highest prevalence was in the second quarter with the first 
quarter being the lowest. The Hantam main production area differs again by being 
the highest in the third quarter and the lowest in the second quarter. These 
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differences may be due to: 
 
a) Disease outbreaks, such as sheep scab, when vaccinations or injections of 
 drugs are obligatory. According to the Animal Disease Act 35 of 1984 (South 
 Africa, 1986, p. 27-34), sheep scab is classified as a controlled disease and  
therefore treatment is compulsory. It is a highly contagious disease caused by  the 
mite, Psoroptes ovis and characterized in sheep by the following: 
Ø Intense itching  
Ø Deranged, stringy and matted wool  
Ø Moist yellowish papules and subsequent coagulated exudation on the skin, 
eventually leading to denuded scabby patches on the skin and emaciation. 
 
If sheep scab occurs, all sheep on the farm must be treated with an injectable 
antiparasitic or dip that is registered for the effective treatment of sheep scab. 
Treatment must be repeated after seven to ten days (South Africa, 1986, p. 27-34). 
Although sheep scab outbreaks occur mainly in winter, there are cases where the 
outbreaks occurred throughout the year. The Northern Cape is one of the 
provinces with the highest prevalence of sheep scab outbreaks (Husselmann, 
2000, p. 1). If a farmer has an outbreak of sheep scab, his neighbours are obliged 
by the Act to vaccinate. 
 
The injection of animals, due to various disease outbreaks, may be the cause of 
random abscess formation (Van der Merwe, personal interview, 2001). The 
majority of abscesses were situated in the pre-scapular and the subiliac lymph 
nodes, which would correspond with probable injection sites.  
 
b) Every farmer strives to have young, but healthy breeding stock. These are animals 
that generate the highest prices at auctions. At shows those animals win many 
categories, giving the farmer a respected name. It also ensures that the farmer 
breed quality stock, with sound financial returns when animals are sent to the 
abattoir. Therefore farmers tend to cull their old animals first, then those not 
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suitable for breeding and those with wounds and abscesses. This enables him to 
breed strong, healthy offspring from the remainder of his stock. 
 
c) Animals with abscesses are not necessarily sent to the abattoir, because the 
 farmer can suffer economic losses due to trimmings and rejections. Therefore 
 some of the animals are slaughtered on the farm and used for own 
 consumption. However, if there are many animals with abscesses, the farmer 
 is obliged to send the animals with abscesses to the abattoir, together with 
 healthy stock. In other cases the farmer may have a problem with lack of veldt 
 for grazing, and thus cannot keep animals too long on the veldt. This forces him  
to send all the animals, with and without abscesses to the abattoir. There may also 
be a seasonal prize increase on carcasses, due to the holiday season. This may 
result in financial losses if all marketable animals are not  sent to the abattoir, even 
though some may have abscesses. 
 
 
 5.3 CORYNEBACTERIUM PSEUDOTUBERCULOSIS 
 
The prevalence of C. pseudotuberculosis was the highest in the Gordonia main 
production area. The occurrence was high in all the quarters, but gradually 
increased from the first to the fourth quarter, with the fourth quarter being the 
highest. The occurrence of C. pseudotuberculosis differs significantly by 5% from 
the other bacteria (Figure 4.8 and Table 8, Annexure B). 
 
 
 
In the Groblershoop main production area the prevalence of C. 
pseudotuberculosis was the second highest of all the bacteria, with the fourth 
quarter being the highest and the second quarter being the lowest. The Hantam 
main production area had the same occurrence, but differed by being lower in the 
second quarter, increasing in the third quarter to become an out shooter, and 
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decreasing again in the fourth quarter (Figure 4.6). The difference in areas can be 
due to factors like:  
 
Ø Tick bites 
Ø Thorns 
Ø Barbed wire 
Ø Contaminated needles 
Ø Flies  
Ø Injuries 
Ø Tail docking 
Ø Castration  
Ø Ear tagging (Siegmund, 1961, p. 448; Gracey, 1981, p. 262; Collett, et al., 
1994, p. 1388; Herenda, 1994, p. 269; Aldridge, 1995; Nasionale 
Departement Landbou, 2000, p. 2; Paton, 2001, p. 22).  
 
The factors that were actually responsible for the difference in areas, could not be 
pin pointed in this research and the reasons given are therefore only speculative.  
 
The Gordonia main production area was proclaimed as a sheep scab controlled 
area (SV Upington quarterly report for April to June, 2000) and thus treatment was 
compulsory at that time. Animals are usually treated by injection, therefore although 
there were more abscesses in total in the Groblershoop main production area, C. 
pseudotuberculosis was the main cause of abscesses in the Gordonia main 
production area, and these abscesses may have been spread by sheep scab 
treatment.  
This correlates with the findings of other researchers, for example: 
 
a) Collett et al. (1994, p. 1387) wrote   “… the most important reason for 
carcass condemnations in sheep at South African abattoirs are due to C. 
pseudotuberculosis.” 
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b) C. pseudotuberculosis is the most commonly known abscess causing 
bacteria in sheep. (Quinn, et al., 1999, p. 137). 
  
c) Henton (1999, p.38-39) came to the conclusion in her study over eight years 
 that in aerobic bacterial infections up to 34.2% can be caused by 
Corynebacterium pseudotuberculosis.  
 
Overall the third quarter had the highest prevalence of C. pseudotuberculosis, but 
it was still relatively low according to the rejections (Table 4.7). 
 
 
5.4 ESCHERICHIA COLI 
 
Of all the bacteria, the prevalence of E. coli was the highest (Figure 4.2), which 
indicated that it was a potential problem. E. coli usually occurs in the intestines of 
animals and is a common contaminant (McMorran, et al., 2003; Wassenaar, 
2003). It acts as an opportunist, and is particularly found causing abscesses under 
conditions of poor hygiene. 
  
The Groblershoop main production area had the highest prevalence of E. coli, as 
well as the highest slaughter number (Table 4.7). The fourth quarter had the highest 
prevalence, differing significantly by 10% (non-parametric) and 5% (parametric) 
from the other quarters. The first quarter also showed a high prevalence, with the 
third quarter being the lowest (Table 7, Annexure B). The Hantam area, on the 
other hand, had the fewest samples, but the highest prevalence according to 
sample size (Table 4.6). Therefore the Hantam area had a 5% significant 
difference in bacteria, with E. coli being the highest in the first quarter and the 
lowest in the second quarter (Figure 4.10). The Gordonia area had the lowest 
prevalence of E. coli in the first quarter and the highest in the second quarter. 
According to the areas, the Groblershoop area seems to have a problem with the 
occurrence of E. coli (Figure 4.6). As E. coli may act as a secondary agent in the 
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formation of abscesses, it is likely that the bacterium acted as an opportunist 
(Carter, 1984, p. 93). This is only speculation, as there is no proof from this 
research that E. coli acted only as an opportunist due to poor hygiene. 
 
 
5.5 ARCANOBACTERIUM PYOGENES 
 
The occurrence of A. pyogenes is low in all the districts, with the fourth quarter 
being the highest and the third quarter being the lowest (Figure 4.1). In South 
Africa, cattle, sheep, goats and pigs are most frequently infected with A. pyogenes 
(Henton, 1999, p. 38). It seems, however, that A. pyogenes does not pose a great 
threat in the Northern Cape province. This can be due to the fact that although 
endogenous spread from mucosal surfaces is common, it is thought that the 
occurrences of A. pyogenes on mucosal surfaces are greater in animals from 
highly infected farms, than animals from farms with minimal problems (Jost, et al., 
1997, p. 135). 
   
The Hantam main production area had the fewest samples, but the highest 
prevalence of A. pyogenes (Table 4.6). Therefore the area differs significantly with 
5% from the other areas. The fourth quarter had the highest prevalence, with the 
third quarter having no cases at all (Figure 4.10). The Groblershoop main 
production area, on the other hand, had the highest prevalence of bacteria in the 
second quarter, with the fourth quarter having the highest prevalence of A. 
pyogenes and the first quarter no occurrence at all (Figure 4.6).  
 
The Gordonia main production area had the highest prevalence of A. pyogenes in 
the second quarter, with a slight increase from the first to the second quarter, but 
a decrease from the second to the fourth quarter to zero (Figure 4.8).  
 
The identification of A. pyogenes, however, can be easily confused with that of 
Streptococcus agalactiae and therefore care must be taken during identification 
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(Table 3.1). 
 
 
5.6 OTHER BACTERIA 
 
The other bacteria that were isolated during the study, amount to 15% (30 of a total 
of 200) of the total bacteria (Table 4.2) and are therefore more briefly discussed. 
These five minor occurring bacteria were described in Chapter two. 
 
 
5.6.1 Staphylococcus aureus 
 
There were 10 isolates of Staph. aureus, with the highest prevalence in the 
Groblershoop main production area (Table 4.2). Staphylococcus spp. is normally 
found on the skin, and is therefore readily introduced during injections or by other 
means when the skin is penetrated. 
 
 
5.6.2 Proteus spp. 
 
There were 10 isolates of Proteus spp., with the highest occurrence in the Hantam 
main production area (Table 4.2). Proteus spp. is one of the Enterobacteriaceae, 
and the occurrence of abscesses caused by Proteus spp. would be similar to 
those by E. coli. 
 
5.6.3 Pseudomonas aeruginosa 
 
There were seven isolates of Pseudomonas aeruginosa, with the highest 
occurrence in the Hantam main production area (Table 4.2). 
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5.6.4 Klebsiella pneumoniae 
 
There were only two isolates of Klebsiella pneumoniae, which both occurred in 
the Gordonia main production area (Table 4.2). Klebsiella pneumoniae is also a 
member of the Enterobacteriaceae, and the abscess produced by Klebsiella 
pneumoniae would be similar to those caused by E. coli and Proteus spp. 
 
 
5.6.6 Lactobacillus spp. 
 
There was only one isolate of Lactobacillus spp., which occurred in the 
Groblershoop main production area (Table 4.2). 
 
 
5.7 ECONOMIC IMPACT OF REJECTIONS 
 
The total value of the rejections due to abscesses calculated to a total of    R14 
399,72. The total number of carcasses slaughtered during the research period 
totaled 57 423, whilst the total number of rejections totaled 5 803 (Table 4.7). If the 
number of carcasses (57 423) are multiplied by the average value of a carcass 
(R343,38), the total financial income amounts to R19 717 909,74. The total value 
of the rejections can be calculated per carcass (R343,38 x 503) and per organ 
(R3,06 x 5 300), totaling to  R188 938,14 (Table 4.7 and Table 4.8). A value of R14 
399,72 was lost due to rejections as a result of abscesses. When calculated it 
results to 7.62% of total losses. 
This emphasizes the fact that although the numbers look very small, a 7.62% loss 
in value might become a serious threat. Individual farmers may be more affected. 
If these losses were all from a few farmers, and if the general poverty of the area is 
taken into account, the losses may have greater impact on certain farmers, than 
the figures would suggest. 
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5.8 SUPPLEMENTARY INFORMATION 
 
Information was also obtained from two other laboratories operating in similar 
agriculture areas. According to the Bloemfontein veterinary laboratory, the major 
abscess causing bacteria, in the period 2001 to 2002, isolated by them, were C. 
pseudotuberculosis (six out of 25), followed by A. pyogenes (five out of 25) (See 
Annexure C). Other bacteria that played a role were Pseudomonas aeruginosa 
(three out of 25) and Staph. aureus (three out of 25). Therefore it seems that the 
major abscess causing bacteria cultured by Bloemfontein veterinary laboratory is 
C. pseudotuberculosis. The districts that were involved, were mainly Bloemfontein 
and the surrounding areas, and did not necessarily reflect the whole Free State 
province. The statistics were also compiled from clinical cases and not from 
carcasses slaughtered at abattoirs in the Free State province. 
 
The Middelburg veterinary laboratory (Annexure D), reported the major abscess 
causing bacteria from 1999 to 2002 to be C. pseudotuberculosis (49 out of 50) 
followed by A. pyogenes (one out of 50). These statistics were, once again, mainly 
from clinical cases received from Middelburg, Grootfontein agriculture research 
institute and the surrounding areas. The isolations do not reflect the occurrence of 
bacteria in carcasses slaughtered at abattoirs in the Eastern Cape province. 
 
 
 
CHAPTER 6 
 
6. CONCLUSION AND IMPLICATIONS 
 
 This chapter summarizes the research done in the research area. Conclusions 
 are made regarding the quarters, main production areas, the three major 
 causing bacteria and the economic impact.  There are also referred to the 
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 control of abscesses and the implications for future research.   
 
 
6.1 INTRODUCTION 
 
6.1.1 The aims of this study were achieved namely: 
 
a) The presence of abscesses in carcasses were determined. 
b) The presence of these abscesses varied in the three main production areas. 
c) The causative bacteria, responsible for these abscesses, were determined. 
d) The economic impact on the producers, due to the occurrence of abscesses, 
 was determined. 
 
6.1.2 The following hypothesis was stated: 
 
a) The presence of abscesses in carcasses, which leads to downgrading and 
 rejections, can be determined. 
b) Abscesses occurring in relation with areas, depending on weather conditions 
 and disease outbreak, can be determined. 
c) The causative bacteria, resulting in abscesses, can be determined. 
d) The economic impact can be reflected by the economic losses the farmer 
 suffered, if the occurrence of abscesses was high.  
 
 
6.2 SUMMARY OF THE RESEARCH 
 
6.2.1 General 
 
Research was done in the Northern Cape province on the occurrence of 
abscesses, using quarters and main production areas as criteria. The three major 
abscess causing bacteria were also identified as well as the economic 
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implications. 
 
 
6.2.2 Quarters 
 
A total of 200 samples were collected over a period of 12 months. The months 
were further divided into four quarters. The first quarter ranged from January to 
March, the second quarter from April to June, the third quarter from July to 
September and the fourth quarter from October to December. The hottest months 
ranged between December and March, whilst the coolest months ranged between 
April and September.  
 
The occurrence of the three major abscess causing bacteria was the highest in the 
fourth quarter and decreased from the first to the third quarter. 
 
 
6.2.3 Main production areas 
 
The research area was divided into three main production areas: Groblershoop, 
Gordonia and Hantam. The Hantam main production area had the highest 
prevalence of bacteria, whilst the Groblershoop main production area had the 
lowest prevalence of bacteria. 
 
 
All three main production areas differed with regard to the occurrence of bacteria 
per quarter. The Groblershoop main production area had the highest prevalence 
of bacteria in the fourth quarter, with the Gordonia main production area having the 
highest prevalence of bacteria in the second quarter and the Hantam main 
production area having the highest prevalence of bacteria in the third quarter. 
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6.2.4 Three major abscess causing bacteria 
 
The three major abscess causing bacteria were C. pseudotuberculosis, E. coli 
and A. pyogenes. The occurrence of E. coli was the highest and that of A. 
pyogenes the lowest. 
 
The Gordonia main production area had the highest prevalence of C. 
pseudotuberculosis, whilst the Groblershoop main production area had the 
highest prevalence of E. coli and the Hantam main production area had the highest 
prevalence of A. pyogenes. 
 
 
6.2.5 Economic impact 
 
From the 57 423 carcasses slaughtered during the research period, only 185 
rejections as a result of abscesses occurred. Therefore the percentage of affected 
carcasses was 0.32%, with the value percentage of these rejections being 7.62%. 
A 7.62% loss in value has the potential to become a serious threat, depending on 
factors as described in the economic impact of rejections (5.7). 
 
 
 
 
 
6.3 CONCLUSION 
 
From the results the following conclusions could be drawn: 
 
6.3.1 According to the hypothesis stated, abscesses did occur in carcasses in the 
Northern Cape province, as a result of factors as described in paragraph 5.3.  
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6.3.2 According to the hypothesis stated, the prevalence of abscesses did differ 
between main production areas.  The Hantam main production area had the 
highest prevalence of abscesses in conjunction with the slaughter numbers.  
 
 The Groblershoop main production area had the lowest prevalence of bacteria in 
conjunction with the slaughter numbers. The conclusion is drawn that these area 
differences are due to the higher rainfall in the Hantam main production area, 
which, resulting in more disease outbreaks, require more vaccinations.  
 
 Abscesses, overall, occurred the most in the fourth quarter. The conclusion is 
drawn that this prevalence is due to the cooler months that have passed. This is 
usually the months the animals get treated and vaccinated for various diseases. 
Another conclusion is drawn regarding this prevalence, that due to the holiday 
season in December, which promises higher meat sales and thus higher meat 
prizes, the producers are prodded to send more animals for slaughtering. 
 
6.3.3 According to the hypothesis stated, the three major abscess causing bacteria 
were identified. The bacterium with the highest prevalence was E. coli, but due to 
the fact that it usually occurs in the intestines of animals, the conclusion can be 
drawn that it only acts as a secondary agent and therefore a contaminant. 
Therefore, C. pseudotuberculosis, which had the second highest prevalence, can 
be held responsible for most of the abscesses. This statement is substantiated by 
various researchers as discussed in the research document. 
 
6.3.4 According to the hypothesis stated, the producers in the Northern Cape province 
did suffer economic losses, but they were reasonably low. From the slaughter 
statistics, it became clear that abscesses were not responsible for major carcass 
rejections. Only 185 rejections, due to abscesses, occurred from a total number of 
57 423 sheep slaughtered. This results in 0.32% and emphasizes the fact that 
rejections, on account of abscesses, are not a threat. 
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6.3.5 The economic impact of the value of total rejections might become a problem. In 
terms of value, a 7.6% loss was recorded due to rejections, as a result of 
abscesses. From a financial point of view, a 7.62% loss is unacceptable 
(paragraph 5.7). 
 
 
6.4 CONTROL 
 
 Executing the following farming principals, however, can further minimize the 
 occurrence of abscesses (Collett and Bath, 1994, p. 1406-1412; Collett, Bath 
 and Cameron, 1994, p. 1387-1392): 
 
Ø Tick control plays a very important role in the control of abscesses in and under the 
skin and in pituitary glands. Therefore strict hygiene during docking and castration 
must be applied, especially when using elastic rings.  
 
Ø It may be necessary to avoid certain types of pastures at certain times of the year, 
to minimize the exposure of animals to plant awns and seeds. 
 
Ø Pregnant animals should not give birth on abscess infected premises.  
 
Ø The nozzle of dosing guns must be free from burrs and not forced into the back of 
the mouth, because this can cause pharyngeal injury.  
 
Ø Abscesses, which are surgically removed, must be excised intact, or else lanced 
and drained after local or general anesthesia, and the cavity treated with iodine or 
hydrogen peroxide. 
 
Ø All animals with palpable lesions must be culled. 
 
Ø Abscesses in valuable breeding stock can be lanced or surgically removed, 
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provided strict aseptic techniques are used, infected material is destroyed and 
contaminated equipment and surroundings are disinfected. 
 
Ø Effective hygiene measures must be executed in shearing, docking, castration 
and marking procedures. 
 
Ø Abscesses should not be treated in shearing sheds, yards or holding pens. 
 
Ø Use gas-heated equipment when tail-docking. 
 
Ø Wound should be disinfected using iodine. 
 
Ø When elastic bands are used for castration, the skin must be disinfected before 
the ring is positioned.  
 
 
6.5 IMPLICATIONS FOR FUTURE RESEARCH 
 
6.5.1 It would be of great value if research can be done in the Hantam main  production 
area to determine the cause of the high prevalence of E. coli, in contrast with the other 
areas. Although the total number of rejections (185) was relatively low, the Hantam main 
production area showed to be the out shooter. 
 
 
6.5.2 The occurrence of abscesses in carcasses, at other abattoirs in the Northern 
 Cape province, should be investigated. By achieving this, the overall 
 prevalence of abscesses in carcasses can be determined as well as the major 
 abscess causing bacteria. The research then could determine if the bacterium 
 E. coli, is a problem in specific areas or alternatively in the Northern Cape 
 province. 
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6.5.3 Research can be carried out at the LAW export abattoir in the Northern Cape 
 province, in order to determine the main cause of carcass condemning and 
 trimmings. By achieving this, the economic impact on the producer as well as 
 the supplier can be determined.  
 
 
 
*****THE END***** 
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ANNEXURE A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
VETERINARY 
LABORATORY    
    UPINGTON    
         
    P O Box 45    
    Upington     
    8800     
         
   Tel: 054 3321531     
   Fax: 054 3327953     
   E Mail: svupt@lantic.net    
                  
         
Case Number: __________________ Date: __________________ 
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Owner:  __________________ Animal: __________________ 
Farm Name: __________________ SV Area: __________________ 
         
NUMBER   
SAMPLE 
NUMBER SAMPLE   RESULT    
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
         
Comments: 
___________________________________________________________________ 
___________________________________________________________________ 
        
 
 
__________________    _______________ 
Date      Technologist  
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ANNEXURE B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE 5 TESTS (PARAMETRIC AND NON-PARAMETRIC) TO TEST FOR  
  OVERALL AREA AND BACTERIA DIFFERENCES. 
 
ANOVA (Parametric) 
 
 95
Univariate Tests of Significance for Percentage (Spreadsheet15)
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Area
Bacteria
Error
0.138880 1 0.138880 19.15273 0.011909
0.028622 2 0.014311 1.97359 0.253334
0.022442 2 0.011221 1.54746 0.317852
0.029005 4 0.007251  
 
 
Kruskal-Wallis ANOVA (Non-parametric):  Area differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Global_3x3.sta)
Independent (grouping) variable: Area
Kruskal-Wallis test: H ( 2, N= 9) =2.488889 p =.2881
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
Groblershoop
Gordonia
Hantam
1 3 13.00000
2 3 11.00000
3 3 21.00000
 
 
 
Kruskal-Wallis ANOVA (Non-parametric):  Bacteria differences 
  
Kruskal-Wallis ANOVA by Ranks; Percentage (Global_3x3.sta)
Independent (grouping) variable: Bacteria
Kruskal-Wallis test: H ( 2, N= 9) =4.355556 p =.1133
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
Coryne
E Coli
Arcano
1 3 20.00000
2 3 18.00000
102 3 7.00000
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TABLE 6 TESTS (PARAMETRIC AND NON-PARAMETRIC) TO TEST FOR  
  OVERALL BACTERIA AND QUARTER DIFFERENCES. 
 
ANOVA (Parametric) 
 
Univariate Tests of Significance for Percentage (Global_3x4.sta)
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Bacteria
Quarter
Error
0.172368 1 0.172368 38.38979 0.000814
0.022113 2 0.011057 2.46250 0.165649
0.077103 3 0.025701 5.72409 0.034073
0.026940 6 0.004490
 
 
 
Kruskal-Wallis ANOVA (Non-parametric):  Bacteria differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Global_3x4.sta)
Independent (grouping) variable: Bacteria
Kruskal-Wallis test: H ( 2, N= 12) =2.576923 p =.2757
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
E Coli
Coryne
Arcano
1 4 28.00000
2 4 33.00000
102 4 17.00000
 
 
 
Kruskal-Wallis ANOVA (Non-parametric):  Quarter differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Global_3x4.sta)
Independent (grouping) variable: Quarter
Kruskal-Wallis test: H ( 3, N= 12) =6.435897 p =.0922
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
1st
2nd
3rd
4th
1 3 17.00000
2 3 15.00000
3 3 13.00000
4 3 33.00000
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TABLE 7 TESTS (PARAMETRIC AND NON-PARAMETRIC) TO TEST FOR  
  BACTERIA AND QUARTER DIFFERENCES PER AREA:   
  GROBLERSHOOP 
 
 
Groblershoop: ANOVA (Parametric) 
 
Univariate Tests of Significance for Percentage (Groblershoop_3x4.sta)
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Bacteria
Quarter
Error
0.201813 1 0.201813 39.40518 0.000760
0.019289 2 0.009644 1.88312 0.231884
0.214905 3 0.071635 13.98717 0.004077
0.030729 6 0.005121  
 
Groblershoop: Kruskal-Wallis ANOVA (Non-parametric):  Bacteria differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Groblershoop_3x4.sta)
Independent (grouping) variable: Bacteria
Kruskal-Wallis test: H ( 2, N= 12) =.8076923 p =.6677
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
E Coli
Coryne
Arcano
1 4 30.00000
2 4 27.00000
102 4 21.00000
 
 
Groblershoop: Kruskal-Wallis ANOVA (Non-parametric):  Quarter differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Groblershoop_3x4.sta)
Independent (grouping) variable: Quarter
Kruskal-Wallis test: H ( 3, N= 12) =6.589744 p =.0862
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
1st
2nd
3rd
4th
1 3 17.00000
2 3 16.00000
3 3 12.00000
4 3 33.00000  
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TABLE 8 TESTS (PARAMETRIC AND NON-PARAMETRIC) TO TEST FOR  
  BACTERIA AND QUARTER DIFFERENCES PER AREA: GORDONIA 
 
Gordonia: ANOVA (Parametric) 
 
Univariate Tests of Significance for Percentage (Gordonia_3x4.sta)
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Bacteria
Quarter
Error
0.090307 1 0.090307 100.7163 0.000057
0.042951 2 0.021476 23.9511 0.001379
0.003113 3 0.001038 1.1573 0.400258
0.005380 6 0.000897  
 
 
Gordonia: Kruskal-Wallis ANOVA (Non-parametric):  Bacteria differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Gordonia_3x4.sta)
Independent (grouping) variable: Bacteria
Kruskal-Wallis test: H ( 2, N= 12) =7.651754 p =.0218
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
E Coli
Coryne
Arcano
1 4 20.50000
2 4 42.00000
102 4 15.50000
 
 
 
Gordonia: Kruskal-Wallis ANOVA (Non-parametric):  Quarter differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Gordonia_3x4.sta)
Independent (grouping) variable: Quarter
Kruskal-Wallis test: H ( 3, N= 12) =.9005848 p =.8253
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
1st
2nd
3rd
4th
1 3 16.00000
2 3 24.00000
3 3 18.00000
4 3 20.00000  
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TABLE 9 TESTS (PARAMETRIC AND NON-PARAMETRIC) TO TEST FOR  
  BACTERIA AND QUARTER DIFFERENCES PER AREA: HANTAM 
 
Hantam: ANOVA (Parametric) 
 
Univariate Tests of Significance for Percentage (Hantam_3x4.sta)
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Bacteria
Quarter
Error
2.170221 1 2.170221 5.353894 0.059952
0.907416 2 0.453708 1.119289 0.386275
1.383937 3 0.461312 1.138049 0.406470
2.432122 6 0.405354  
 
 
Hantam: Kruskal-Wallis ANOVA (Non-parametric):  Bacteria differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Hantam_3x4.sta)
Independent (grouping) variable: Bacteria
Kruskal-Wallis test: H ( 2, N= 12) =6.628947 p =.0364
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
E Coli
Coryne
Arcano
1 4 37.00000
2 4 29.50000
102 4 11.50000
 
 
 
Hantam: Kruskal-Wallis ANOVA (Non-parametric):  Quarter differences 
 
Kruskal-Wallis ANOVA by Ranks; Percentage (Hantam_3x4.sta)
Independent (grouping) variable: Quarter
Kruskal-Wallis test: H ( 3, N= 12) =1.569591 p =.6663
Depend.:
Percentage
Code Valid
N
Sum of
Ranks
1st
2nd
3rd
4th
1 3 22.00000
2 3 13.00000
3 3 23.00000
4 3 20.00000  
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SWABS BLOEMFONTEIN LAB 2001/2002 
 
BACTERIA QUANT MATERIAL ANIMAL FARM NAME DISTRICT 
Corynebacterium 
pseudotuberculosis 1 Abscess Sheep Houson Bloemfontein 
Corynebacterium 
pseudotuberculosis 1 Abscess  Sheep Franshoek Petrusburg 
Corynebacterium 
pseudotuberculosis 1 Abscess   Sheep Oranje Smithfield 
Corynebacterium 
pseudotuberculosis 1 Abscess Sheep Ventersvlakte Petrusburg 
Corynebacterium 
pseudotuberculosis 1 Abscess Sheep Swaergekomen Brandfort 
Corynebacterium 
pseudotuberculosis 1 Abscess Sheep Mara Petrusburg 
A. lignieresii 1 Abscess Sheep Oranje Smithfield 
A. pyogenes 1 Organ Sheep Mara Petrusburg 
A. pyogenes 1 Lung Sheep Niekerksvlei Dewetsdorp 
A. pyogenes 1 Organ Sheep Mara Petrusburg 
A. pyogenes 1 Abscess Sheep Graspan Bloemfontein 
Staph. aureus 1 Lung Sheep Hertzog Brandfort 
Staph. aureus 1 Abscess Sheep Ventersvlakte Petrusburg 
Pseudomonas 
aeruginosa 1 Lung Sheep Mooivlei Bloemfontein 
Haemophilus spp. 1 Abscess Sheep Franshoek Petrusburg 
B. ovis 1 Testicle Sheep Glen Bloemfontein 
Pasteurella 
haemolytica 1 Abscess Sheep Rooikoppies Brandfort 
Pasteurella 
haemolytica 1 Testicle Sheep Glen Bloemfontein 
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A. bovis 1 Organ Buffalo Hill and dale Bloemfontein 
A. pyogenes 1 Lung Swartwitpens Waveren Bloemfontein 
Pseudomonas 
aeruginosa 1 Lung Springbok Not available Zastron 
A. haemolytica 1 
Swab of 
abscess Goat Doornbult Hoopstad 
Staph. aureus 1 Lung Goat Spitskop Brandfort 
Streptococcus 
agalactiae 1 Lung Goat Spitskop Brandfort 
Enterobacter spp. 1 Organ Goat Ribbokrand Phillipolis 
TOTAL 25         
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ABSCESS EXAMINATIONS AT PVL MIDDELBURG, EC  1999-2002 
 
NO 
SUBMISSIO
N ANIMAL 
OWNE
R 
ABSCES
S ORGAN BACTERIA 
1 00/0133 
Angora 
Goat   Abscess   C. pseudotuberculosis 
2 00/0185 
Angora 
Goat   Abscess   C. pseudotuberculosis 
3 00/0995 Sheep     Lung C. pseudotuberculosis 
4 00/0998 Cattle     Lung C. pseudotuberculosis 
5 00/1099 
Angora 
Goat     Lung C. pseudotuberculosis 
6 00/1176 Sheep     Lung C. pseudotuberculosis 
7 00/1205 
Angora 
Goat   
S/c 
Abscess   C. pseudotuberculosis 
8 00/1228 
Angora 
Goat   Abscess   C. pseudotuberculosis 
9 00/1232 
Angora 
Goat   Abscess   C. pseudotuberculosis 
10 01/0078 Sheep   
Lnn 
Abscess   C. pseudotuberculosis 
11 01/0120 
Angora 
Goat   Abscess   C. pseudotuberculosis 
12 01/0222 Sheep     Lung C. pseudotuberculosis 
13 01/0246 Sheep     Lung C. pseudotuberculosis 
14 01/0496 Sheep     
Lung 
Liver C. pseudotuberculosis 
15 01/0550 Sheep   Abscess   C. pseudotuberculosis 
16 01/0610 Sheep     Liver C. pseudotuberculosis 
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17 01/0640 
Angora 
Goat   Abscess   C. pseudotuberculosis 
18 01/0678 Sheep     Lung C. pseudotuberculosis 
19 01/0825 Sheep M/burg   B/marrow C. pseudotuberculosis 
20 01/0826 Sheep Hanover 
S/c 
Abscess   A. pyogenes 
21 01/0877 Sheep M/burg 
S/c 
Abscess   C. pseudotuberculosis 
22 01/0892 
Angora 
Goat GLOI 
S/c 
Abscess   C. pseudotuberculosis 
23 01/0934 
Angora 
Goat GLOI 
S/c 
Abscess   C. pseudotuberculosis 
24 01/0954 
Angora 
Goat GLOI 
S/c 
Abscess   C. pseudotuberculosis 
25 02/0072 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
26 02/0195 
Angora 
Goat GLOI 
S/c 
Abscess   C. pseudotuberculosis 
27 02/0277 
Angora 
Goat     Lung C. pseudotuberculosis 
28 02/0320 Sheep Hofmeyr 
S/c 
Abscess   C. pseudotuberculosis 
29 02/0336 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
30 02/0340 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
31 02/0341 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
32 02/0466 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
33 02/0543 Sheep     Lung C. pseudotuberculosis 
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34 02/0543 Sheep     Heart C. pseudotuberculosis 
35 02/0545 Sheep M/burg 
S/c 
Abscess   C. pseudotuberculosis 
36 02/0584 
Angora 
Goat GLOI     C. pseudotuberculosis 
37 02/0586 Sheep     Lung C. pseudotuberculosis 
38 02/0586 Sheep   
Lnn 
Abscess Heart C. pseudotuberculosis 
39 02/0908 Sheep   
S/c 
Abscess   C. pseudotuberculosis 
40 03/0037 Sheep GLOI   Udder C. pseudotuberculosis 
41 03/0053   GLOI    Neck C. pseudotuberculosis 
42 03/0057 Sheep GLOI    Brain C. pseudotuberculosis 
43 03/0190 Sheep   
S/c 
Abscess   C. pseudotuberculosis 
44 03/0215 Sheep GLOI   Lung C. pseudotuberculosis 
45 03/0237 
Angora 
Goat GLOI 
Lnn 
Abscess Liver C. pseudotuberculosis 
46 03/ Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
47 03/0616 Sheep GLOI 
S/c 
Abscess   C. pseudotuberculosis 
48 03/0899 
Angora 
Goat GLOI Organ   C. pseudotuberculosis 
49 03/0861 Sheep GLOI   Lung C. pseudotuberculosis 
50 03/0868 Sheep GLOI    Brain C. pseudotuberculosis 
 
